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PREFACE. 



IT is hoped that there will be found in this compi- 
lation somethinEj more than a mere glorified book 
catalogue or miscellaneous reference list. Rather, 
indeed, is it a humble attempt to place in the hands of 
the experimentalist a useful key to the literature of 
X-Kays, and to weave into the dry matter of fact a thread 
of interest. 

It may not appear necessary perhaps, to supplement 
so definite a title as " Bibliography " with any further 
explanatory remarks here ; nor would I add more now 
were it not that I wish to draw attention to one or 
two matters which have presented themselves during the 
progress of the work. 

To begin with, besides the reference numbers and 
cross-references themselves — all useful enough, it is hoped — 
there are cases where it was thought advisable to couple 
together the references relating to similar matters. Then 
again, brief abstracts have been given as a further guide 
to the nature of the articles to which they relate, and all 
. have been condensed as much as was reasonably possible. 
Further than this, an occasional subject-heading has 
been slightly altered where that was thought to be an 
advantage. 



iv. PREFACE. 

The references relate to the principle articles which 
have appeared on the subject of X-rays up to March, 1897, 
but it is intended to re-arrange the Book from time to 
time and bring it quite up to date. 

I cannot hope to have done more than reduce errors to 
a minimum. If any still remain, I shall indeed be obliged 
to readers who will be good enough to bring them to my 
notice. 

May I further add that it would be considered a great 
privilcjjc if authors of important Papers or Books upon 
Rrintjfon Rays and allied subjects, will, from time to time, 
call my attention to their work in order that the Biblio- 
gniphy may always be made as complete as possible. 
The study of electric discharges has been carried on now 
over a considerable period. Very many physicists have 
added their quota of ideas or experimental results to the 
ah'eady existing heaps of unsortcd knowledge, until it has 
become not only useful, but as most think, absolutely 
necessary for further progress that some real attempt be 
made to separate the " wheat from the chaff," to sort out 
the mere paper of it all, and condense the ideas and results. 

In conclusion, I desire to acknowledge my indebtedness 
to those who have kindly assisted, either by useful sugges- 
tions or in checking the cross-references ; while to my 
assistant, Mr. Coton, and to Mr. George Tucker, the, 
publisher, my especial thanks are due for the interest they \ 
have shown and for the help they have given. 

Charles E. S. Phillips. 
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HISTORICAL. 

HISTORY has toiled hard to record the small 
beginnings out of which there has sprung one of 
the most important branches of physical science. 
Notwithstanding this, however, a vagueness still clings to 
the early accounts of a certain so-called ** electric egg," 
and of the peculiar properties observed concerning it ; 
all doubtless associated then by many with witchcraft or 
devil-doings, and now by no means to be laid aside as 
useless, but rather utilised as a starting point. 

To Otto von Guericke we owe the very first vacuum lAKA 
experiment. His work laid the seed — very potential as Guericke 
we now know — which has given such an abundant harvest. 
He invented the first air-pump and ingeniously applied it 
to his investigations in Natural Science, so that when the 
eminently respectable Abb6 Nollet who, for respectability's Nollet. 
sake called himself th^ Abb6, took up with Science (let us 
suppose, also out of sheer noble-mindedness) and decided 
to turn his attention to this subject, Guericke's pump, 1740 
together with the facts accumulated by Haukesbee, Gray, 
Dufay, Gilbert, Hooke and a few others, must have been 
of great importance. To the Abbe Nollet electricity was 
a highly inflammable fluid which was capable of being set 

a2 



\nio f!ame hyiht \t^M <ihock — his books* upon the sabject 
'*»rt, in view fA nvyJem discoverv', exceedingly interesting. 

Ht employ td glass egg-shaped globes in his experi- 
mnni^^f e^ct^auUed oi air more or less and connected to the 
electric machine by means of an iron chain^ He certainly 
ob<^rvcd v/me remarkable effects when the machine was set 
in motion* In one of his little books:{j there is an illustration 
depicting the operation of electrically exciting an exhausted 
ftct /;f glass vessels, and we see pictured there some of the 
cffccls V; well known to physicists of the present day. 

No p;irticular progress is reported however, till about 
ft hundred yearn later, when the electric egg effects were 
rfTpcafcd by more competent experimenters. One of the 
Uiw landmarks of that time is a statement made by 
1334 ^'r W* Snow Harris, He pointed out that the length of 
tlift spark which an electric machine will giye in air 
varies In thr simple inveise ratio of the gas pressure. 
'I his was v^wy S(i^fjrstiv<! no doubt, but, as it seems to us 
now, sorrifwhaf a bold «»tatcment to have made in the 
y^flf 0^*,\f wlM'fi liffb' or no accurate work had been done 
In IliM lUf^^U^i, 

Unt thi w*' lyj{l thai any rrnuilH of much importance in 
V^pfihA^. ||,)t, /t)Mw Hon lia/1 hrrn ol/lMinrri till T'araday, whose name 
1838 lt» of all nanMJi*, tw MillniMlrly annociated with the whole 
t>Mb|^' I ol Miint»lM«j<T<:aM l» and *^»i|irrinicnt in the important 
|)fi|d i,t i^lu 1 1 If fil and fillii^d |iIm n<iin»'iiM, and who four years 
\f\\^^■i, wlilh- hiiny Willi lilh *' l',ii|iriiinrnlal Researches," 
liMd» MMMio'aldy loi iit^, liiiiM:d lii^ alUMitioii to theinvesti- 
tialloM nt i:|tii hli j/low dMaliaiH'-^* 

Mill liy ItliM Ilia **c|i:»liii: M^K " '»"*' '^^c^ modified 
roiiiiJdpiMlily diawM mil into a liilai in lucti closed at 
ImiIIi (MMlti< and inoia lh(irnii|{lilv psliaiihtril of the air 

williin il. 

" " Milt iiiMi Iti'N iiiu li»i I ini»i»i pitHU tllU<H'iM|iii) riiiMiMiiuMuth l«:itvtrique;" 
I' I'ttMdl run I 'Mmi lili lilt i|ii»»H||m." 

) " Kim liun lii>M hill lnh t'lUtrntti jMUlIt illlrVMb dim I'luMlMiiimutH IvUh trujue." 

p. .h4. 



liSTiiOSPEf.T. vii. 

Heinrich Geissler, too, had by tliis time come forward Gi 
with improved methods of making such glass tubes, and 1838 
showed as well how to seal little platinum wires into their 
closed ends, besides inventing a special air-pump for 
exhausting them. The beautiful glow of the Geissler 
tubes lent a fresh attraction to the study. Faraday 
examined this glow minutely, and speaks of the peculiar 
effects produced in it by varying the rarefied gas within 
the tube. 

The main result to remember from it all is, however, 
that he observed an unilluminated space surrounding the 
negatively-charged electrode in almost every case. The 
estent^f this dark area was found to depend upon certain 
easily-producible conditions — degree of rarefaction, poten- 
tial difference between the electrodes, sparlc length of the 
coil, and so on. 

But the work of experimenting was mainly organised 
j with the indirect object of clearing up a very knotty 
point. It was doubtful whether the rays emanating from 
I the electrodes were to be considered as ether wave dis- 
' turbances or as the result of rapidly-moving particles of 
I electrified matter. 

I That was the point to be settled. Even to-day, in 

I the light of modern research and strings of likely 
hypotheses, the quesition is still open : rather widening 
perhaps than otherwise 

The early notions of electrical conductance, induct- 
ance and discharge effects, had been built upon some 
I foundation of charged particles. The " Experimental 
I Researches" are saturated with such ideas; they all 
point, or seem to point, to the effects observed as being 
largely due to the mutual action of electrically-charged 
I material particles. For instance, the change in shape 
k| of a water drop suspended from a charged rod is a 
I phenomenon evidently due to the rush of air (of electrified 
L air that is) along the rod and off at the end, skimming 






past the drop and flattening its sides in con 
But while such concrete phenomena as this could bd 
explained on the old basis, it did not follow that tbi" 
electrical condition itself was necessarily only assoctatei 
with purely material affinities. The continental phy- 
sicists, on the other hand, were developing what seems 
in one sense to be a broader hypothesis. 

That a current of electricity flowing along a conductoi 
can induce an electrical condition in a neighbouring coO' 
ductor running parallel with it presented a great difficulty 
1840 In a letter to Dr. Hare, Faraday wrote : " I have said ] 
believe ordinitry induction in all cases to be an action ol 
contiguous particles, and in the former, assuming a very 
hypothetical case, that of a vacuum, I have said nothing 
in my theory forbids that a charged particle in the centres 
of a vacuum should act on the particle next to it, thougl 

that should be an inch off " Clerk Maxwell wai 

about nine years old when Faraday was writing to Dr 

} Hare, but he was destined before long to say a good dea 

about this " ordinary induction," and for that matte: 
many other questions as well. 

ixwELL. According to Maxwell, a few yea's later, an electro* 
magnetic disturbance could be traced to the propagation ol 
a wave of more or less definite form, and transmitted at 
a definite rate through space. It seems that he had gone 
to the very root of the question by developing the eleclrof 
magnetic theory of light,* although, so far, there had been, 
no very conclusive experimental verification of his vi&wsi 
That was to come later. 

In the meantime a number of physicists were dis- 
cussing electrical discharge experiments, viewing the! 
matter from many points, improving apparatus and in* 
fact accumulating a mass of startling results. Everything 
seemed to still point to the observed effects being largely 
due to atomic activity. A literature of the subject was 
" '• >7/I. f,aas., VoirissT 1864^ ^ 
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beginning to spring up, and the researches themselves 
were considered likely to be of great importance. 

The suggestion made by Sir W. Snow Harris had by 
no means been forgotten or even temporarily set aside. 

M. Masson had already done something to confirm 
the relation between gas pressure and spark length when 
Sir W. Thomson* (now Lord Kelvin) introduced the 
absolute electrometer, and increased the field of inquiry. 

The merest glance at the scientific literature of this 
period serves to show that much real progress had been 
made ; the study of electrical discharges had veritably 
leapt into importance. 

Observations by Grove, Quet, Despretz, Pliicker and 
Rhumkorff of the stratified appearance in certain cases of 
discharge glow had helped to lay the way clearer for later 
investigators, while it is to be noticed also that there is 
generally a chain of ideas, a definite purpose in fact, visible 
amongst their results. In one of two Papers upon this 
subject communicated to the Royal Society of London, 
Mr. Gassiot points out that this stratified condition does 
not necessarily require that an induction coil be used to 
excite the glow. 

This work of Gassiot's was of a very original character. 
To set up 3,520 water cells, probably the largest battery of 
its kind ever made, and to properly insulate them, was no 
small achievement ; but this he did, and proved too, by 
its means, that a vacuum tube placed in circuit with the 
cells glowed distinctly and with a stratified appearance. 
This was the beginning of a research in an entirely new 
direction, namely— the replacing of the Rhumkorff coil by 
cells. Gassiot persisted in his inquiry, and constructed other 
large batteries of various descriptions. Four hundred Grove 
cells were successfully tried, and also, beyond this, by 
means of 512 Daniel cells (which also gave the glow effects 
in an exhausted tube), he showed that there was good 
* Proc. Roy, Sue. Lond., Vol, X., p, 326, i860. 
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reason to consider the discharge intermittent, and that 
the stratitied appearance of the glow may be generally 
the result of an intermittent force acting upon highly 
attenuated and resisting media. The details of \\k 
researches tan, from sheer necessity, find no place here. 
His experiments were so numerous and extensive that they 
can now only be merely hinted at, but mentioned never- 
theless with a full appreciation of their importance in the 
history of this matter. The general result of it all was 
notl'ing very important beyond the fact that notions of the 
discharge phenomena were expanded by his work, and the 
advisability of studying the striated discharge brought 
more prominently forward. 

As affairs stood, however, there was no very wide result 
to be expected until more attention had been given to 
manipulative details. The apparatus required improving. 
■'Just at this time (in the nick of time, one might say) 
Hermann Sprengel invented his mercury air pump. It 
was as simple as it was effective, and now is doubtless 
so well known as to require no further comment. But 
the great use of it consisted in its power of producing 
very high rarefactions, and with rapidity. The name 
of Hittorf is closely associated with the early experiments 
under these improved conditions. The experimental results 
obtained on all sides were generally interpreted differently 
abroad, and M. Goldstein particularly expressed very 
strongly his view of the question. 

With us, however, Gassiot's results looked more and 
more suggestive. The work on stri^ and the observa- 
tions of those already named were confirmed and enlarged 
by Warren de la Rue, Hugo Miiller, and W. Spottiswoode. 

A mass of information was being got together — useful,- 
almost vital on certain questions, but altogether becoming 
rather lacking in any particular order. 

At the same time the outcome of the work of these 
investigators was in many ways very detinite and impor- 
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tant. To be^in with, they greatly improved the methods 
of working, elaborated the Sprengel pump, and made 
-useful additions in other apparatus as well. Then the 
interrupters of their induction coils were experimented 
with ; the vibrating spring make-and-break was replaced 
for a time by a conducting rod attached to a rocking 
lever, which, dipping into a cup of mercury-platinum 
amalgam, produced there no doubt troublesome sparks 
whenever the rod was lifted out to break the circuit. A 
rotating mirror was employed for examining strise, and 
finally the results were summed up in a series of beautiful 
drawings of the effects observed. 

Numbers of curious relations were noticed ; thus the 
experimenters point out that " all strata have their origin 
at the positive pole," that "the greatest heat is in the 
neighbourhood of the strata," while " at the same pressure 
and with the same current the diameter of the tube affects 
the character and closeness of the stratifications." 

' The British Association met in 1879 at Sheffield, and 187^' 
there, on August 22, Mr. {now Sir William) Crookes made Crookes. 
known to the world the results of his work upon this 
subject. The dark space noticed by Faraday had been 
to him a fruitful field for research, and his numerous 
ingenious experiments had led to many curious con- 
clusions — results in fact which seemed to broaden the 
whole study and likely to be of great interest to science 
generally. During the work certain ideas had been 
accumulated as to a probable new condition of matter — a 
fourth state — -radiant matter ! 

There was something strikingly new and original 
about all this that attracted universal scientific attention, 
and naturally enough considerable antagonism as well. 
M. Goldstein had already opposed such notions; and here 
let it be noticed how peculiarly contradictory appear the 
conclusions of the two schools. Both have something in 
both setm right on many points, but yet they 
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differ rundamentally. No one has done more to uphold 
the corpuscular theory than Sir William Crookes, although- 
the atomic particles of matter flying with their electri( 
charge across the rarefied space of a vacuum vessel are W 
him imbued with properties other than those strictly 
material. 

Of all his experiments there is one that stands out 
stron{,'ly and with direct bearing upon this question of the 
material nature of the rays. By properlv adjusting the 
vacuum, and by curving the negative electrode into s 

I concave mirror, a pivoted vane placed in the exhausted' 

vessel, so that it looked at the concave side of that elec 

I trode, whirled round vigorously when the vessel was 

electrically excited. Undoubtedly, and by independent! 

I experiments, it had been shown that matter behaves: 

strangely when placed in a highly attenuated medium, but 
a whole string of fresh questions arose directly that little 
vane swung round — questions altogether of a rather 

I surprising nature. 

Perhaps, too, some really practical application coul£ 
be found for such a mechanical device: nothing of thfi 
sort could reasonably have been expected before. 

But the cathode rays — particles perhaps — shot off 
from the charged negative electrode, werefound byCrookes 
to possess some remarkable properties apart from any 

I likelihood of a practical use for them. 

The suggestiveness of the shadow cross-tube experi- 
ment, and others of that kind, may well be considered a 
laying the foundation for what was to follow. 

In spite of what seemed conclusive proof that the 

cathode rays are streams of charged particles, E. Wiede* 

1883 mann, in 1S83, published a paper in which he adhered to 

ieue- the opinion that they are ether disturbances of very short- 

j, ' wave length. A little later Prof. J. J. Thomson suggested 

loMsuN. ^ theory of discharge babcd upon some experiments with 
gas electrolysis. 
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The mole;:ules of matter are here assumed to absorb 
the energy of the electrostatic field, and to become 
decomposed into free ions. It will be remembered that 
Clerk Maxwell had some years before made certain all- 
important suggestions as to the propagation of an electro- 
magnetic wave, and by now an experimenter, combining 
the knowledge of theory with practical ability, had set 
himself the task of verifying experimentally what Maxwell 
had predicted. 

This work was carried on at Bonn by Prof. Hertz, 
and only terminated through his untimely death in 
January, 1S94. Such researches incidentally led him 
towards high vacua discharge experiments, and his work 
in that direction has been successfully carried on by his 
then assistant, Prof. Lenard. The possibility of causing 
cathode rays to pass through the walls of the vacuum 
tube has been proved by him. With a special form of 
tube, and with many precautions, cathode rays can be 
detected outside it and in the open air, but only for a 
very short distance from the thin metallic window through 
which they come. That discovery marked a revolution in 
the history of the subject. Many new problems started 
up. The external rays were caused toaiTect photographic 
plates, and also evidently had some properties in common 
with ultra-violet light. 

It was thought that perhaps, by some peculiar means, 
a fresh stream of particles was set up outside the window 
of the tube. Could these effects be produced by particles 
actually shot out of the tube and Ihrcugh the window ? 

It has later been found that these cathode rays are by 
no means homogeneous. A pencil of them, in fact, is a 
very complex bundle of rays, some of which can be sorted 
out with a magnet, while others seem quite unaffected by 
a magnetic field. 

Perrin in France, and Elster and Geitel in Germany, 
had given some attention to these later developments. 
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The experiments of Hertz upon ultra-violet light and ils 
curious property of discharging electrified bodies were 
brought forward and compared with Lenard's results— a 
busy work, of course, but still somewhat restricted. There 
could in fact be no very general interest taken in results 
involving such refinement of manipulation and with no 
very definite prospect before it of being of much practical 
use. In scientific circles the progress was being anxiously 
watched, but there was nothing so far of sufficient ^eiteral 
interest to form even a three- line notice in a daily 
paper. 
1896 Very briefly, then, that is how matters stood when Prof. 

RoNTGEN Wilhelm Konrad Kontgen, of Wiirzburg, Bavaria, took up 
the subject. He was experimenting with various Lenard 
and Crookes tubes and an unexpected occurrence opened up 
a new vista. Some fluorescent material smeared on paper 
and lying near one of the excited tubes glowed visibly 
even when the tube was completely wrapped in a light- 
tight cover. The effect could not be due, therefore, to the 
presence of ultra-violet light ; in fact was conclusively 
proved in the end to depend on some curious radiation 
from the tube itself, 

" It had already been shown that cathode rays, as known 
to Crookes and others, are affected by a magnet — can be 

' deviated from their normal paths through the action of 

attraction or repulsion (as the case may be) ; so that thai 
was one obvious test to be made with the rays— to mag- 
netically affect them if possible. 

But Prof. Rontgen found that these rays were not de- 
flected by that means. Here was a new order of cathode 
ray — a new radiation ! It is to be noticed that a con- 
siderable amount of work upon these new rays was done 
before the world was apprised of their existence. Their 
photographic action was demonstrated, and the different 
degree of opacity to them of many substances carefully 
ascertained^ — ^even some idea as to their probable origin 
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was deduced— all culminating in the bone photographic 
triumphs^ 

The Physico- Medical Society at Wurzburg then pub- 139( 
lished Rontgen's communication on the subject, and, 
partly from its newness, its scientific value, and its 
obvious practical use, the discovery was received by 
all with surprise and enthusiasm. 

Mr. A. A. Campbell-Swinton repeated in England the ^^ 
results already obtained on the Continent. Information 
on experimental details was hard to obtain and slow in 
coming, but in the end as good results were obtained 
in London as at Prof Rontgen's own laboratory. 
' The clear and well-defined radiographs so well known 
were not obtained with any certainty, however, until Mr. 
Jackson, of King's College, London, showed how to con- J" 
struct a more suitable tube for generating the rays. He had 
e.tperimented some years ago with the appearance of cer- 
tain fluorescent bodies under the influence of electric dis- 
charge, and had then used a special form of vacuum tube. 
Instead of allowing the cathode stream to impinge directly 
upon the glass wall of the tube, it was focussed upon a 
little flat plate of platinum or platinum-iridium placed at 
45 degrees to the a.\is of the stream. By this means 
abundant X-rays are obtained, as it happens, and their 
source being practically a point, the sharpness of X-ray 
shadows obtained is greatly increased. The stream of 
cathode rays beating upon this platinum anti-cathode 
appears to become transformed there into the new rays, 
and diffusively reflected off as such. 

A view of the matter, due to Sir G. Stokes, assumes Sti 
that the little charged particles (if such they be) shot off 
from the cathode, and normal to its surface, produce in 
striking the anti-cathode a change in the electrical distri- 
bution of the electrical charge upon them, which sets up 
a disturbance in the surrounding ether and gives rise to 
the effects observed. 
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It was only to go a step beyond Prof. Rontgen's 

Salvioni. original discovery for Salvioni to suggest the construction 
of a fluorescing screen for use with the rays. Platino- 
cyanide of potassium is perhaps rather better than 
platino-cyanide of barium for this purpose, but while both 
give good results they are also costly and require very 

Edison, careful handling. Mr. Edison's announcement that 
calcium tungstate, a much cheaper material, fluoresced 
strongly under the influence of X-rays, was looked upon 
with some interest. The calcium however is by no 
means so brilliant. 

While many physicists were trying still further to 
improve the apparatus for generating X-rays, Loi^ 

Blytiis- Blythswood had obtained some curious photographs with- 
out any vacuum tube at all — merely by exposing covered 
sensitive plates to the discharge from a large Wimshurst 
^machine. 

Numbers of odd and disconnected results poured into 
the scientific journals, and bran-tub experimenting was at 
its height. Many irresponsible people were thrusting 
their hands in amongst the maze of phenomena suddenly 
opened up by Rontgen's work in the hope of seizing a 
prize. Behind this blind effort, however, there was steady 
and connected investigation being pursued. 

Lodge. Prof. O. Lodge had verified the non-deflectability of 

the rays by a magnet, and was further carefully experi- 
menting in certain definite directions. 

With the announcement of his discovery. Prof. 
Rontgen had hinted at the probability of the new rays 
being due to longitudinal waves set up in the ether by 
the electric discharge taking place in the tube. 

jAUMANN. Prof. Jaumann elaborated this idea mathematically, 
and the fact that the rays were not found to follow the 
ordinary law of optics rather favoured this view. But, 
looked at from another standpoint, there still remained a 
gleam of hope that after all it was a question of ultra- 
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ultra violet light rather than of any longitudinal wave 
phenomena. J. J. Thomson, Eenoist, Hurmuzescu, h } 
Dufour and others had noticed that the new rays have ^c. 
the property (also possessed hy ultra-violet light be it 
noted) of discharging an electrically-charged body. That 
did not fit in with longitudinal vibration notions, but 
instead pointed more to the rays being of the nature of 
ordinary light — especially, too, when the effect was found 
to be greater the smaller the angle of incidence. 

Prof, 0. Lodge had something to say about this, rather 
favouring the idea on the whole, and suggesting fresh 
experiments. A further advance in this direction was 
then made by Perrin, Lodge, Villari, Righi, Minchin and Virx, 
others, namely, the discovery that, after discharging the n\'|'^'^ 
charged body, the X-rays produced a residual charge 
of either positive or negative electricity, depending upon 
circumstances. 

Directly the prospects of the rays turning out to be 
short-wave-lengthed light were realised experiments upon 
their reflection, refraction, diffraction and polarisation 
were renewed with great activity. The result was i!n- 
satisfactorily negative, but yet, as would seem, fairly 
definite. No truly optical reflection could be found. Lord 
Blythswood had reflected the rays from speculum metal, 
and other traces of reflection from mercury surfaces must j^ p 
be mentioned, but, as Prof. S. P.Thompson pointed out, the Thon 
reflection was so diffusive that it could hardly be called 
reflection at all in the strict sense. As to refraction, no 
one could find a trace of it; the same with diffraction. It 
was then, and is now, the general opinion that if, in fact, 
these phenomena exist at all for X-rays, they do so to an 
inappreciable extent. As to polarisation, the same thing 
may be said, while at the same time the results obtained 
by Galitzine and Karnojitsky must not be lost sight of. 
They got evidence of a trace of polarisation — very sliglit, 
but still a trace. 
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Considered generally then, all this work did not lead to 
much progress, except as serving to help in the under- 
standing of what the rays we^e probably not. 

One question that seemed worth settling was whether 
the cathode rays would have any photographic action 
before they struck the anti-cathode. Battelli and Met! 
placed sensitive films in the path of the rays and found a 
strong photographic action. Elster and Geitel continued 
their investigations on the photo-electric effect of ultra- 
violet light into the new region, and described very 
definite results with X-rays. 

With regard to improvements in manipulation. Porter 
and Swinton are pre-eminent. But aside from all this 
busy work. Prof, Rontgen's discovery was turned to 
practical use from the first. Records of help in surgical 
cases, in removal of bullets, &c., attest to its importance 
practically. 

Perhaps its wide popularity is due to this more than iff 
any other cause. There has crept into this multifarious 
collection of facts a human interest which has become 
inextricably entangled with them. The sight of the actual 
bone-shadows of a living man, and with every detail about 
them crisp and clear, struck a wonder not altogether 
unassociated with a certain horror into the minds of many; 
the little crowds anxiously peering into scientific instru- 
ment makers' windows at the bare.Heshless portraits when 
the news of the discovery was but a few weeks old was a 
phase of the matter by no means to be thought lightly of — 
it told of the intenseness of the genera! interest. But there 
was still a big question open, and, as it seemed, easily 
to be answered. What action will the new rays have 
upon bacteria? It has been shown that ordinary light 
and, especially, that from the ultra-violet part of the 
solar spectrum, strongly checks their growth and develop- 
ment. What is evidently wanted, then, is a radiation 
with a very short-wave length, and in view of this the 
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X-rays were reasonably expected to have a sterilising 
action. 

The importance of the question is self-evident, but 
still, in spite of this, not much has been done. Some of 
the results, too, are somewhat contradictory. Diphtheria 
can be cured by means of the rays, says the State Uni- 
versity of Missouri, while W. M. Stine and MM. Lortet 
and Genoud report good results from treating cases of 
tuberculosis with the rays. The typhus bacillus seems, 
however, to care nothing whatever about X-rays, and so 
with bacteria in general the effect seems either vague or 
negative. 

A look back at the 60 years of work on electric dis- 
charge reveals many notable things, amongst them the 
fact that of late all civilised nations have taken part in 
the research. The early work was almost entirely 
restricted to England, until its importance began to dawn 
upon all scientific bodies throughout the world. 

Truly the " electric egg " has been well hatched ! 

C. E). S. P. 
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The following few notes arc given here for what they 
are worth. They are expected to appeal more especially 
to physical students about to turn their attention to high 
vacua research. 



When a start is made to set up apparatus for this work, 
in blissful ignorance of the experimental struggle going on 
around, it soon becomes evident that the task is by no 
means an easy one. The mechanical air-pump, with its 
glitter and high finish, seems at first sight to surely form 
the basis of an installation of this kind. But as time goe? 
on that device comes to be regarded as a useful adjunct 
to more effective apparatus rather than the most important 
laboratory appliance which it is the experimenter's privi- 
lege to possess. It is true, nevertheless, that very high 
rarefactions can be obtained by a good mechanical air- 
pump^a focus-tube may in fact be exhausted very satis- 
factorily with one of the " Geryk " pumps : but that is the 
end of the tether, and it is only by all manner of care that 
that result can be brought about. Here follow then a few 
hints upon such matters, and also some miscellaneous 
notes upon niinor laboratory operations. 

ii2 
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THE AIR-PUMP. 
The best apparatus for producing very high rarefactiont 

is still the "SpreoRel" air-pump or some modification of it 
This pump was invented in 1865 and described in the 
Chemical Society's 7oMr»a/ of that year. Space cannot be 
spared to describe the pump here ; it may be pointed out 
however, that it is the simplest, the most effective, and 
one of the cheapest of all air-pumps. A good account of 
this instrument can be found in "Electrical Engineering," 
by Stingo and Brooker. 

In working with a Sprengel pump, attend to the fol- 
lowing points : — 

(i) Always use perfectly clean mercury- Mercury caaJ 
be cleaned in the following ways : fl 

(a) Spraying it through dilute sulphuric acid ; wash* 

with water, and dry. 

(b) Well shaking with sulphuric acid ; wash with 

water, and dry. 

(c) Keep saturated solutions of potassium ferri-cyanide 

and hypo-sulphite of soda. Mix equal parts of 
25 per cent, solutions of these, and well shake the 
dirty mercury in the mixture. Renew the solu- 
tions and repeat, finally washing with water and 
drying the mercury in plaster-of-paris. 
If the mercury contains much lead or tin it had better 
be re-distilled (this can be done at a cost of is. 6d. per lb. 
of mercury). To remove dust or dirt the mercury should 
be squeezed through soft chamois leather, or two or three 
layers of silk. 

Notice that no matter how pure the mercury, the fall- 
tubes of the pump will become discoloured after a time. 

(a) As the vacuum becomes high let the mercury run 
faster through the fall-tubes, but not too fast, as there is a 
risk of damaging the interior of the tubes and cracking 
they generally crack longitudinally. 
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(3) Be sure to have the lower mercury reservoir made 
removable, so that a beaker can replace it, and by this 
means the lower ends of the fall-tubes be dipped into acid or 
water for washing purposes. To wash the fall-tubes suck 
up strong sulphuric acid into them from the beaker, and 
when they are clean, wash them in the same way with 
water, ultimately drying by means of a current of dry air. 
The fall-tubes must be thoroughly dry before the mercury 
is again allowed to circulate. 

Fig, I shows a convenient form of pump-head, with 
three fall-tubes. The funnel F may be useful for letting 




Sprengel Pump Head. 



in a small quantity of acid into the fall-tubes, but if the 
lower reservoir is removable its function in this respect is 
not so important. It is very useful, however, for letting 
air into the apparatus after an exhaustion. Avoid putting 
fat on the stopper S : a little glycerine or pure sulphuric 
acid is best. The cup should then be about half filled 
with mercury. Such an arrangement is absolutely air- 
tight. 
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It is best to work with three or five fail-tubes — not 
more- Do not have the bore of these tubes smaller than 
I'gin, It is no objection to have a join in the fall-tubes — 
it does not mar the workinfj of the pump^so that if one 
breaks it can be repaired without interfering with the 
efficiency of the apparatus. It is generally a great ad- 
vantage to use a mechanical and rapidly-acting air-pump 
in connection with the Sprengel. This saves time. When 
the vacuum produced by the mechanical pump is at its 
highest the glass leading tube should be melted and sealed 
Dp with a blow-pipe, and the exhaustion completed by the 
Sprengel. 

DRYING TUBES 

Must always be employed in conjunction with the I 
pumps. If sulphuric acid is used for drying purposes, theJ 
tube shown in Fig. 2 will be found convenient. 



—Drying Tube. 



Sulphuric acid can be poured in or sucked up througl^ 
the funnel when requiring renewal, and when in use thel 
stopper, as before, can be mercury-sealed. Sometimes] 
phosphoric acid is used to dry over instead, and in that ] 
case the tube need not have a funnel blown on. It should J 
be filled with the PaOe before the end is closed in the flame J 
and re-charged (after properly washing out with varmj 
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water and then drying) by bursting out the same end while 
it is softening in a blow-pipe flame. These tubes are 
quite easy to set up, and only involve the ability to make a 
non-cracking glass X-jo'"*- They should be about 6in. 
long and of fin. glass tubing. 

AIR-TIGHT CEMENT. 

Take eight parts by weight of beeswax and three of 
resin ; melt these together in a large test-tube and filter 
while hot. This cement can be used for sealing up cracks 
in glass apparatus, for sealing caps or lids into vacuum 
vessels, for mending up cracked fall-tubes of the Sprengel, 
and so on. It will withstand a very high pressure for some 
hours, but is not quite permanently air-tight. Probably 
this lowering of the vacuum after a time where a cement 
is used may be due to some extent to a vapour slowly 
given off by the cement itself. Shellac is an excellent 
cement for our purpose, also ordinary sealing-wax, and 
sometimes even starch solution, 

THE CEMENTING FLAME. 

Draw one end of a piece of glass tubing out to a fine 
point and attach the other end by means of rubber tubing 
to the gas supply, snap off the extremity of the fine point 
and light the little jet of gas. This flame is invaluable 
for adjusting and smoothing a cemented joint. By its 
means the joint can be as it were painted, and the cement 
made to run into every tiny opening, at the same time 
causing any air bubbles to disperse. The little flame 
should be about |in. long. 

AIR-TIGHT JOINTS. 

If possible, make all joints glass-sealed. Instead of 
joining two portions of a glass leading tube together with 
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rubber pressure tubing or a larger tube overlapping the 
two ends and filled in with sealing-wax, weld the two glass 
ends together by means of a small portable mouth blow- 
pipe. Use considerable heat for this operation, and blow 
the joint, as prescribed in books on glass-working. By 
this means all possibility of leakage at the joint is 
removed, and this is always an important consideration. 

There is, however, a very perfect form of joint in 
which oil or mercury is used as the seating agent. Such 
a joint is shown in Fig. 3. G G are the lubes to be joined, 




part 



Fig. 3.— Oil or Mercury Joint, 

and BB are rubber stoppers, which must just fit tightlJ 
enough to prevent mercury or oil escaping from thfl 
tube T. Tht; tubes G G are brought together and held id 
position by the rubber pressure tube R, The space O id 
nearly filled with oil or mercury. Such a joint, althou^ 
troublesome to break and re-mnke, is very reliable whed 
properly set up. 

Do not use rubber pressure tubing to lead from 1 
part of the apparatus to another in the case of high rareJ 
factions; glass is always preferable. 
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STOP-COCKS. 

The stop-cocks usually sold by instrument makers are 
quite useless for high vacua work. They are pretty to 
look at, and that is about all that can be said of them 
from our point of view. It becomes very expensive to 
have an air-tight glass tap made, as the grinding necessary 
is of a rather special kind. Even then the chances are the 
tap will give out just when it is least wanted to. Sir W. 
Crookes used platinum taps on his original Sprengel pump. 
Taking everything into consideration, the pinch cock seems 
the best for the pump, and welded joints for the rest of the 
apparatus. 

EXPERIMENTAL TUBES* 

The form of tube shown in Fig. 4 has been found suit- 
able for various electrode experiments. The stoppers S S 




Fig. 4. — Experimental Focus Tube. 



were ground into the tube, as shown, and could easily be 
removed, either for cleaning the tube or readjusting the 
electrodes. When the stoppers were replaced for an ex- 
periment a thin film of the wax-resin cement was painted 
over them and adjusted with the cementing flame. 

For many cathode-ray experiments however, the follow- 
ing simple and inexpensive device (shown in Fig. 5) was 
found to have some advantages. 
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The bottle G was bought at a chemist's. A nibbej 
ring of round section R was then obtained from a plumber, 
and slipped over the lip of the bottle as shown. T and 
T' are glass tubes fitting tightly into the rubber bung C, 
which itself fitted closely into the neck of the bottle. 
Notice that the leading wires could be made of copper; 
except just where they were sealed through the gla; 
The tube T was closed at the bottom, and T' sealed to 
pump. A cardboard cylinder B was then slipped over 
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t'lG. 5,— Experimental Tube. 

rubber ring R and cemented there with was. When al|| 
had been got into position, mercury was poured into thifS 
cardboard tube up to the dotted line M, and covering tha 
stopper C. By this means all the joints were mercury'^ 
sealed. Such an arrangement was found to be capable 
withstanding very high exhaustions. A simple form < 
experimental focus tube is shown in Fig. 6. It can 1 
made quickly, and does not involve any great knowledgi 
or practice in glass-working. 
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It should be pointed out here perhaps, that all these 
tubes require to be left on the pump and will not be of 
much permanent use if sealed off from it. They are 
essentially for experimental work. 

The tubes T and T' slide freely in the sleeves S S', 
These sleeves are welded into the thicker tube after it has 
been drawn down in the flame. The bulge B is blown out 
in order to thin the glass there. For details of such 
operations see any good manual on glass blowing. The 
electrodes themselves may be of whatever metal is desired, 
but as regards the long leading wires, they should be of 
copper and cemented into the protecting tubes T and T'. 

These tubes are themselves next to be cemented into 

the sleeves S S', and the apparatus is ready for work. 

. Suclua tube is usually set up with some definite purpose, 
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Fig, 6, — Adjuslable Experi 



to test some combination of electrodes or examine an 
expected new result. The cemented joints, all properly 
adjusted by means of the cementing flame, are shown by 
the section lines. It is possible to adjust the electrodes — 
bring them nearer together for instance — in such a case 
without increasing the gas pressure within. This requires 
careful manipulation of the little flame when softening the 
cement at each joint, but it can be done. In any case, 
the probability is an adjustment of electrodes will not 
involve an important rise of pressure, and the pump will 
soon withdraw what little air may have leaked in while 
the cement was temporarily hot and soft. 

It is difficult to exhaust any vessel in which much wax 
or rubber is e-xposed, and it is therefore generally desirable 
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to keep any cemented joints as closely-fitting as possible, 
so that merely a lilm of cement will be exposed in the 
interior of the tube. All glass leading tubes between the 
vessel being exhausted and the pump should be small, so 
as to expose less surface of glass, and to save time in 
exhausting. 



VARYING THE VACUUM IN A SEALED 
OFF-TUBE. 

This may be accomplished in four ways : — 

(i) By heating the tube with a spirit lamp flame, 
and thus dislodging matter from the inside of 
the glass ; 

(2) By electrically heating some fairly absorbent body 

placed in the tube before exhausting; 

(3) Using various spark lengths; and 

(4) Attaching electrified foil to the outside of the tube 

in various positions. 

The Hame method is the most common, but No. 2 is 
probably more under control. 

In the case of focus tubes for Rontgen-ray work, and 
in cases where the vacuum is very high, this vacuum can 
apparently be altered by varying the spark length used 
with the tube. 

A focus tube exhausted up to the blue-haze effect and 
with the appearance of the merest green tinge about it, 
but with no emission of Rontgen rays, was sealed up and 
left for three months. After that time the tube fluoresced 
brilliantly green when excited, and gave strong Rontgen 
rays. Continual working for some minutes again lowered 
the vacuum, which had again become higher after an 
hour's rest. The vacuum can alter therefore of itself, due 
probably to occlusion of the rarefied gas by the metallic 
electrodes- A focus tube should be made with plenty of 
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space behind the cathode, for that is the best place to heat 
if it is desired to increase the pressure within. 

SEALING A PLATINUM STAR OR CROSS INTO 
GLASS TUBES. 

The following method has been found successful : Cut 
off a suitable length of glass tubing, weld in the cathode 
electrode, and blow on a side tube, as shown in Fig. 7. See 
that the end A is fairly true, lay the platinum cross or 
star upon that end, and while keeping the glass hot, fasten 
it there with a little bead of soft glass (lead glass), melted 
on to each radial wire. Be careful to keep the end A still 
hot in the flame, and bring slowly up to it the end B of 
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V Method of Sealing-in I'l 



Eleclrodes. 



another piece from the same length of tubing, press the 
ends together as they soften in the flame — make, in fact, an 
ordinary straight joint there. Such a joint properly made 
should not crack, but the secret of success in this, as in 
most glass work, lies not so much in the over-rated 
annealing process as in a proper and even distribution of 
the glass about the joint. Metallic spirals, discs, &c., can 
be sealed into a glass tube in this manner, and in experi- 
ments where electrical currents are to be passed along the 
electrodes, such a device may be helpful. 

The tubes illustrated in The Electrician, Feb. 12, 1897, 
p. 498, were made in this way. 
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SPECIAL METHOD FOR SEALING ALUMINIUM 
WINDOWS TO LENARD TUBES. 

This has always been a difficulty. Cements answer 
up to a certain point, but they are not reliable. The 
following method is suggested, and it will be seen that no 
cement of any sort is used. 

A considerable thickness of copper was electrically 
deposited upon the open end of a glass tube. In order to 
get the metal to adhere to the glass a layer of gold leaf 
watt burnt on to the tube by means of the blow-pipe flame, 
There was no difficulty in this. The gilded end of the 
tube was then, after careful cleaning * suitably connected 
to the plating circuit and copper deposited upon it in a 
boiling solution of copper sulphate. After six hours the 
tube wtiH removed and dried, and a metal cap soldered on to 
lt« coppered extremity. The copper having been deposited 
at a high temperature, contracted upon being removed from 
the hot solution, and so gripped on to the gold-coated glass 
with great force. The tube was found to be quite air- 
tight. Any form of window may be either soldered or 
jcrnt'i-d on to the metal-coated tube, 

C.E. S.l 
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BOOKS AND PAMPHLETS ON X-RAYS. 



The fallowiag Ll^t gives all the Books uid rampblstd published to date on 
X-Ray Hesearcli, kc. These wutks can be eupplied (pott free at the prices 
inilidated) by "The ELECTiticud" PiiisTiMO and Publwhinq Company, 
I, 2 and 3. Salisbury Cuurt, Fleet Street, Luiidun, Bnglui<i For postage 
rjut of the United Kiiigdom add 5 per ceni;, :— 

THE MEW PHOTOGRAPHY. By A. B. Chatwood. 1896. 
Price 4 s. 
Quito half this book ia devoted to colour phott^raphj, ehost photo- 
graphy, &o., &c., and the portion of it relating to X-raya is very 



LIGHT, VISIBLE AND INVISIBLE. lij Piof. Silvanvs 
1'. TuosiPHON, U.tic, F.R.S., M.li.I. Price (is. nett. {Pub- 
lished 26th Oct., laa?.) 
This is a reprint of a seriea of Lectures delivered at ChriatniaB, 1896, 
by thu author at the Buyal Institution of Great Britain. The Lectures 
have been amplified, and the book contains a lari^e cumber of excellent 
iltuBtratioDs. 



One of the moat important books publiahed so far upon this subject. 
It deals very carefully with the study of electric diachargeH in 
vacuo, and brings togethar the numerous theories advanced at 
different tiraea to account for these phenomena. It is iroll illustrated 
and contains many e so ellent radiographs. A useful "Table dea 
Mati^ree " is given itt the end of the volume. 

THE A B C OF THE X-RAYS. By W. H. Meadowcropt. 
1807. Price 4a. 
Thia hook is of a very elementary character, both from the scientific 
and litorary pointa of view, and we cannot recommend it. 

THE INDUCTION COIL IN PRACTICAL WORK (inolnding 

Rijntgen X-Raya). By Lrhis Wbigift. 1897. Price 4s. Kd. 

A volume of real practical use, and probably the most complete 

Eoglish work published ao far on this subject. It has the great 

disadvantage, however, of being without an indes. 



PRACTICAL RADIOQHAPHY. By A. W. Isenthai. and 

H. Bnowdes Wahb, F.R.P.S. Price 2s. 6(1. 
A weli and profuHel^ illustnted book, contaiiiinK much informstioD 
of practical use. There le a chapter on " Hot* to Make an Accamu- 
Utor," and also dirrctjun* for the conatruotion of induction coils, 
besides notes on pboCogtaphy and lluoreaciog Bcreeo work. This ii a 
new and enlarged edition. 
THE ARCHIVES OF THE RONTGEN RAY. Edited by 

W. S. Heulev, M,n., and Sylsky Rowland, M.A. Price 4a, 
A quarterly publication in which the proceedings of the Rontgen 
Society of London aie repnrCed, besides containing inanj originil 
articles and tlluRtrations. The illustrations are Iar){e photograpbig 
reproductions, and greatlj add to the value of the jourtwl. 
THE NEW LIGHT. (Special number of the Photoffram.) 

Price ad. 
A pamphlet of 24 pages. This is one of the earliest publicatioDB 
upon the subject of RiJntgen rays, and contains many original articlH 
besides a few important translations. There is to be found here i 
translation of Herr. G. Jaumann's Paper on "Longitudinal Light" 
(from The SUctriciaii for Januair 24, ia9C), as well as Prof. R^atgen's 
contribution to the VViirsberg Physico-Medical Society on " A Net 
Kind of Rays." There are numerous illustrations. 
THE RONTGEN RAYS IN MEDICAL WORK. By Da™ 

Walsh, M.D. (Edin.), with au Introductory Section upon 

Electrical Apparatus and Methods by J. E. Gkeenhill. 1897. 

Price 7b. 6d. 
This is a thoroughly useful and practical volume. It treats in & 
terse manner with all the medical applications of the new rays, and ii 
very fully and photographically illustrated. The book has a great 
deal of onler about it and its index is carefully compiled. It is to be 
highly recommended to all studying the subject, whether (rom « 
medical or the purely physical point of vievr. 
LA TECHNIQUE DES RAYONS X. By A. HfiBEEi. 1897. 

Price 43. 6d. 
The folding illustrations in this book are a distinct feature. Tb« 
elements of the subject are briefly treated and the greater part of the 
book devoted to work since 1896. It is a valuable contribution to the 
literature of the subject. 
LA RADIOGRAPHIE APPLIQD^E A L'^TUDE DES 

ARTHROPATHIES oilFORMANTES. By Dr. F. Babjon. 

1897. Price Ga. Gd. 
A book of some 260 pages, treating of rheumatic conditions and 
their effect on bone formation as shown by the rays. It is, however, 
essentially medical, and in fact in the latter part of the work only deals 
with the application of X-rays to this particular purpose. 
A MANUAL OF MEDICAL ELECTRICITY, WITH 

CHAPTERS ON THE RONTGEN RAYS. By Dawsos 

TuBNER, B.A., M.D., &c. I'riee 7r. Gd. 
In this volume only about liO pages are devoted to Rontgen rays. 
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NOTE. 

A full eA'planation of the abbreviations used in the followhu/ 
entries will be found tabulated on 2>a(/es xxxvi, and a'x.vvii,'\ 

TJie letters and numbers within the brackets relate to the complete 
references, which will be readily found by means of the heavy 
typejjf/ures. 



Abney, Capt., on the New Photography. [N 2.] 

Absorption of Cathode Rays. P. Lenard. Wied. Ann., 56, 
pp. 255-275. 1895. 1 

Absorption of Light Rays and Rontgen Rays by Crystallised Media. 
M. G. Agafonoff. C. 1L, 124, p. 855. 1897. 2 

The writer found that generally crystals which are transparent to luminous 
rajs are opaque to Rontgen rays. 

Absorption, Selective, of Rontgen Rays. [E 108.] 

Absorption of X-Rays by Gases and Vapours. [E 10.] 

Absorptivity for Rontgen Rays. V. NovAk and O. Sulc. Zeit. 
Phys. (Vievi., 19, pp. 689-492. 1896. 3 

Accumulation of Light. C. Henry and H. Becquerel. C. 7?., 
122, pp. 790-791. Two separate communications. 4 

Ackroyd, W., and H. B. Knowles on Permeability of X-Rays. [P 3.] 

Action of X-Rays upon the Diamond. A. Buget and A. Gascard. 
C, R., 122, p. 457. 1896. 6 

True diamonds are far more transparent to X-rays than are their imitations. 
The writers found that the same holds good for jet. 

Action of Rontgen Rays upon Electrostatic Charges and Discharge 
Potentials. J. J. BoRGMANand A. L. Gershun. C. A*., 122, 
pp. 878-879. 1896. 6 

A zinc disc positively charged lost its charge under the influence of X-rays, 
and then acquired a negative charge of a certain fixed value. 

P 



k 




A 7-13 

AdalUrotlon of Food StnffB, Detection of by X-Rays. 
(Luna.), vol. 3M. p. Gas. 

Adulteration and Rontgen Rays. F. Ranwez. r 

pp. HJI-HJ2. 1B9G. 8 \ 

Agafonoff, V., on Absorption of Light Bays and Rontgen Rays by 

Crystallised Media. [A 2.] 

Air, Eleclriflcation of, by Rontgen Rays. [K 3.] 

Air, Electrical Conductivity of, Affected by Rontgen Rays aad 
Ulti'a-Violet Light. [K 5.] 

Air, Propagation of X-Raya in. [G i.] 

Air Fnmp, Berrenberg Mechanical, [B 19.] 

Air Pump, Duplex Mercurial. [P H.] 

Air Pomp, the Geryk. [P 42.] 

Air Pnmp, Kahlbanm's. [E l.J 

Air Pump. La Xal., No. 1,195, p. 888. 

An acoQUnl n( n r[iiiicllj.iiel,iiiK idcruury fiill-punlp. 

Alternating Currents, a Crookes Tube for use with. [C 20.J 

Alternating Currents and X-Raya. Houston and Kenmkixy. Am. 

F.lee., vol. H, No. i, p. 117, 1990, and Elec, Rev. (Loni), 

vol. 89, p. 325. 10 

Desci'iptiuu uf an armugemDHt. (with diograai of connections) (or utnunl 

ibe current from an altcruatin^ current lighting circuit ivith li Tesla coiL 

American Notes. El/v., vol. 36, p. 668. 1896. 1; 

A ile^ci'iption '>F Skali.knubroer's reaulta obtained by unag a Teala 
n]i|iaratus and onlj- otiopolc connected iliroct to the exhauated tube. 

Animals, Effect of X-Raya upon. 8TF.t^A\o Capranica, Rend, 
iUc. liiu-., 6, 1, pp. 416-417. 1896. Also note in Nature, 
vol. 64, p. 204. 1896. 

Obaorvittiaiia made on niuFi uunculua ehowed that X-raye had no 
upon the amuunt of t'O, Bliminated from the auimaT. Ksperimentg oi 
blooded anlinala also j;ive negative resultp. 

Announcement of Prof. Rontgen'a Discovery. E/pc, vol. 38, 
p. 833. 1H96. 

(JuiilCH the StniiHaril [Lond.) and comments thus 
neeni likely to admit of a ready explanatiou wt 
I'xpcrimeiits are more fully published." 

Anode, Mercury. [R 23,] 




( 8 ) 

Apparatus, A New Cathode. [C 10.] 

Apparatus, New, for the Production of X-Rajs. Ben Davis. 
Nutwe, vol. 44, p. 281. 1H96. 14 

Useful fortnu of siperimental tul«s and an account of fluoreeencs obtained 
through 3ft. uE timber and also through u distJinoe <it 60tt. in air. 

Apoaratua for Producing Rontgen Rays. Willvoung and Sayen. 
' J-:Uv. llf-r. (N.Y.), vol. aO, p. 51. 15 

Apparatus, Rontgen Bay. [E 78.] 

Apparatus, X-Ray, Manipulation of. G.Hanchett. FAfc. M'oi-hl, 
vol. 29, p. 877. 16 

Applications, Medical, of X-Rays. [R 98.] 
Arc Light Rays, Shadow Pictures by. [S 8.] 
Arc Light and Sunlight, Shadow Pictures from. [S 7.] 
Armagnat, H., on Rontgen Tubes. [R 119.] 
Arnold, W., on Cathode Rays aod Routgeu Rays. [0 9.] 

Arterial System Photographed by Rontgen Rays. V. Dutto. 

Stnd. Ace. Line., e, 1, pp. 129-130. 1896. 17 

The writer inji>cl«d Bulphiit« of citlcium, wbicb is u ualt ojinque t<i the mys, 

into the band ot a coipae. The solution was BUfficiently dilute to penetrate 

into the smfidl veins. The reauit waa entirely sntii-fai^tory. 

Artificial Blende as a Source of X-Raya. ( '. U., 122, pp. 5G4-566. 

1896. IS 

Tlie wril«r found that tranapareDt hexagonal blende, on prepared by himseil 

and H. SWDt-CUire Davilla in 1B61 (f. K., 52, p. 983), will, after es|oaure to 

the Bun or to magnesium light, aot as doea b. Cronkea lube. The blende ia 

I bandaged on to tlie part of the body to be photographed. 

Anbel, E. van, on Transparency to Rontgen Rays. [T 22,] 



Bacilli, Effect of X-Rays on. Nati-n; vol. 54, p. 112. 
The State llpiveraitj ot Miaaouri repiirta that X-rays Kure ilii.hthei 

Bacteria, Action of Rontgen Rays on. Dr. Shbaser. 
Ev;/. (N.Y.), vol. 22, p. 17G. 1890. 

The author found evidence of sterilising' action. 



Bacteria, Rontgen Rays and. F. Mince. 
p. 202. 189(i. 
The rays were found to have no apprecialile effect upon typhi 
agar-agar medium. 



Miincli.Me'I.Wo,-/i., 43, 

S 

bftcilliin 



k 



B4-10 ( 4 ) 

Barr, J. M. : An Experimental Vacaam Tube. f.7o ., toI, 37, p. 24. 4 

l)i-<ii|*ti'iii ■ illu-trktftl; of a focuii tulie throagh the anode of which a 
I til Kilt « .III U* iKiftrtcd. The author fiod^ it adTantageooB to reverse the 

(liiftiori ot' ilifM-hurge in fiKnir tulj 



Ran-, J. M., and Phillips, C. E. S., on Deflection of Cathode Rays. 
(First communication). AVir., voL 88, p. 498. [See also 

no. 5 

'i'lio Huthorrt dencTibe cxi)eriment« in which they passed electric currents of 
fri'iii 20 to 50 aiiiiierea through anti-cathodes of various forms, and observed 
iIk* di-^tortioiial effctts jiroduced by so doing upon the cathode shadows. 
Thi-y aUo |tu;«rtfd currentn through the cathode itself, with the result that the 
,ut \u»Ui Hlmdow cast by a free anti-cathode was totally translated in a direction 
<,|>|>oNit<; to that in which the current flowed. 

Barr, J. M., and Phillips, C. E. S., on Deflection of Cathode Rays. 

(Si'cond communication). AV^r., vol. 88, p.^80. [See also 

n 5, T H. and 1) 8. 1 6 

111 wliii ti tho iiuthors detvl with catliode shadow movements under vanous 

flffclriirttjitic (-onditioiiH. 

Barr, J. M., and Phillips, C. E. S., Letter from, on Deflection of 
Cathode Rays. /V/rc, vol. 88, p. 857. 7 

Tlic \vi ihMM Kii^gertt the possibility of using a current-carrying coil placed 
iifliiixl the callKxiu as a means of making very short exposures of a sensitive 
l'lMit<>)^rap)ii(' plate to X-rays. They also point out that under certain cod- 
ilitioiiH hikIi a coil no ])lai-ed greatly diminishes the spark resistance of a focus 
(itlir (luriiif^ excitation. 

Barr, J. M., and Phillips, C. E. S. : A New Vacuum Gauge. EltT,^ 
vol. M7, p. H2H. |Soo also P 4.] 8 

An application of tlio principles stated by Perrin. 

l)aHil()WHki on Reduction of Exposure in Rontgen Photography. 

\\i \2,\ 

JJattcilli, A., on Rontgen Rays. X. Chn.y April, 1896, p. 198, and 
h:irr, /;<•/'. (Ijond.), vol. 88, p. 758. 9 

lly nicann of cylindors of sensitive films placed inside the Crookes tube, the 
iMillmr innntl (hat pliotogmphic action was most marked on that part which 
Im ihI 1 lio «a( \uuU\ Wo deflected the cathcnle pencil by means of a magnet, but 
Mill! oliiiuncd photographic effects, although slightly diminished, showing that 
.oMic photom'apliic rays other than cathode rays (as generally understood) were 
j'Miillcil from tho cathode. The article is fully illustrated. 

Huttolli, A., and A. Garbasso on Rontgen Rays. N. Cim,, 4, 8, 
pp. 10- lU 1890. 10 

Tho authors doscribo nunienius experiment' made with the rays, relating to 
tho lnOiaviour of the Orookos tube. They also investigate<l the transparency 
of various matorials and give I'esult^, The writers point out that the curve 
plotto«l, bct\vt>on density and tnmspArency as ordinates, is roughly a parabola. 

liattolli, A., and A, Gajbasso on Shortening Necessary Exposure to 
X-Rays. [S lO.J 



( 5 ) B 11-18 

Battelli, A., on Source of Rontgen Rays. [S 14.] 

Beaulard, F., on Refraction of Rontgen Rays. [R 17 and 18.] 

Becquerel, H., and C. Henry on Accumulation of Light. [A 4.] 

Becquerel and Sagnac, Experiments on Invisible Radiations. 

[Rl.] 

Becquerel Rays. A. F. McKissick. Klec, vol. 88, p. 818. 11 

Fluorescence of various substances after exposure to sunlight ; good photo- 
graphic results obtained tlirough 2^in. of wood by means of granulated sugar. 

Becquerel Rays. U. IL, 122, pp. 559-564. 12 

The rays from certain uranium salts, jMvrticularly irotassium-uranic-sulphate, 
will traverse black paper, aluminium and copper. They discharge electrically 
charged bodies. 

Becquerel on Radiation from Metallic Uranium. C. E.^ 122, pp. 
1,086-1,088. 1896. 13 

Becquerel Rays and Rontgen Rays Provoke Thermo-Luminescence. 
[B 27]. 

Bending of X-Rays. E. Villabi. llend. Ace, Lincy 5, 1, pp. 445- 
452. 1896. 14 

Details of experiments to show that X-rays bend round solid objects. 

Benoist, L., on Transparency of Gases to Rontgen Rays. C /i., 
124, p. 146. 1897. [See also 5.] 16 

The writer found that with solids the opacity does not increase with density. 
Experiments were made in which it was shown that with geuses the absorption 
is proportional to the density, and that this diminishes rapidly as the tem- 
perature rises. 

Benoist, L., and D. Hurmuzescu on Action of X-Rays on Elec- 
trified Bodies, r'. II., 122, pp. 779-782. 1896. 16 

Benoist, L., and D. Hurmuzescu on Rontgen Rays and Electric 
Charges. [E 4.] 

Benoist, L., and D. Hurmuzescu on New Properties of X-Rays. 

[X 15.;! 

Berlin, Formation there of Scientific Photographic Society for 
Investigating Optical Phenomena. Elec, vol. 86, p. 485. 17 

Berliner, E. : Wooden Cylinder for X-Ray Lamp. Elec. Bev, 
(Lend.), vol. 40, p. 827. 18 

The arrangement of a wood cylinder slipped over the tube containing the 
cathode to discharge the outside electrostatic charge and so prevent the 
increase of the vacuum witliiu the tube. 



( 



1 19-26 ( fi ) 

Berrenberg Hechauical Air Pamp. Kin: licr. (LoiiO.). vol. 'in 
\). lOB. 19 

An illuHtratfd accuuiit uf ibe ftppiraluB. 

Biological Action of X-Raya. [A 12.] 

BirkelBJid, M. : Cathode Ray Spectmm. C. 11., 13, vol. 123. 20 

All Bjxouat uf eiperhuenU vThii;h «huw evidsnce that llie cathode pencil !> 
helerugeueuua. 

Birkeland, M., on the Effects of Strong Magnetic Forces on 
Cathode Rays. [C 10.] 

Bleekrode, L., on Rontgen Rays at Low Temperatures. [R 97.] 

Blende, Ai'tificial, as a Source o[ X-Rays. [A IB.] 

Bleanard and Labesse, UM., on Opacity of Liquids and Solids J 
to X-Raya. [0 C] 

Blindness and X-Rays. KUr., vol. 3S, p. 325, 



1 the piMBiLiilit; uf resUiriug, [au'Lially or i 






BIythswood, Lord, Photographs obtained with large V 
Machine, and without a Crookes Tube. Klir., 
p. 550. 
A letter cleacriplivo uf the esperimeal*. [AIbo P 33, X 18.] 

BIythswood, Lord, on Reflection of X-Rays. [R 11.] 

Boas, H., on Tubes for Rontgen Rays. [T 31.] 

Boltzmann, L., on Longitudinal Waves. Jotn: f. Gaabi-U'iiiktiim 

;J0, pp. 71-72, 180r.. 

Tlie writer ia of the o[)hiiou that the Ruulgeii rays iire longitudinal waw 

propagated in the ether. 

Boltzmann, L., on Rontgen's Epocb-Making Discovery. Zeit.J 
Klw., Jan. 15, lH9(i. 

Bonn, 1&. le, Photographic Action of Ordinaiy Light thronj 
seemingly Opaque Bodies. V. II., Feb. 3, 1896 
[See also D 1.] 

Bergman, J. J., Electrical Discharge by X-Rays. EUr., vol. I 
p. 501. 

A telegmm in which Prof. Bouuuan aaye lUutgen ntya diaubafge n 
pusitivH BlBGtriuity, slower negative. At Bhcrt diBtiinceB they give lie„. 
clectrificatiou. They increase spark gap. [For other exiierimenta dd q 
gap see C 11.] Aluminium does not hinder either action. 




( 7 ) 



B 27-C 1 



Borgman, J. J,, on Thermo -LumineBcence provoked 1, 

Rays and Becquerel Eaya. C. L'., No. J7, p. H05. 1897. 27 

The author uaed a eaJoiued lUistui-E of Cadiij + 50% of MiiSo,, iiad 
obUtiaed vigorous tberino.luiuiiiouj eilects with HoDtgeu rays aoil with 



Borgman, J. J., and A, L. Gershun on Action of Rontgen Rays on 
Electrostatic Charge and Discharge Potentials. [A 6.J 

Bouchard, L,, on Consumption and X-Rays. [C 17.] 

Brandes, G., on Visihihty of Rontgen Rays. [V C] 

Brajison on Method of Eatimating the Intensity of X-Rays. [I 1.] 

Briasaud and Londe, MM., on X-Ray Photography. [P 23.J 

British Association Meeting. Xature, vol. 54, p. 565. 28 

AucuuiiD of work by vsrioua lueiiil.iird. 

Brush Discharge, Rontgen Rays from. [R 80.] 

Buget, A., and A. Gaacard on the Action of Rontgen Rays on 

Diamonds. [A S.] 
Buget, A,, and A. Gascard on Action of X-Rays on Precious 

Stones. [P M.] 
Buget, A., and A. Gascard on Transparency of Diamonds to 

X-Rays. [D 8.] 

Bnngetziano on Diffraction of Rontgen Rays, [li 81.] 

Burke, J., Experunents with X-Rays. KUc, vol. 37, p- 373. 29 
Itelatieti lit ubiiryiug auJ diauhargiujj etfeutd of the rayii. 



Caf&ey, W., and N. S. Wilson on Medicinal Properties of X-Rays. 

[X 12.) 
Cajori, P., Solar X-Rays on Pike's Peak. Am. Jnl. o/' S-.-ktuv, 1, 

1896, p. 289. 1 

Afcer careful eKperimenta &t a height of 14,147ft. no Iraco of Riialgeu rays 
WOB found. 

Cahnette, L., and G. T. LhnilUer on Diffiraction of Rontgen Rays. 

[DS.] 
Campanile, F., and E. Stromei on Phosphorescence and Rontgen 

Rays. [P9.] 
Campanile, F,, and E. Stromei on X-Rays in Geisaler and Crookea 

Tubes. [P 8.J 
Oapranica, Stefano, on Biological Action of X-Bays. [A 12.] 



C2-8 ( w ) 

Carpentier, J., on Photographing the Relief of a Medal by Rontgen 
Rays. [P22.] 

Cathode Apparatus, A New. [C 19.] 

Cathode Disc, Rotation of in Crookes Tube. [N 7.] 

Cathode Photography. E. J. Wall. J)rit, Jnl, of Phot., vol. 
48. p. 87. 2 

A hrief history of cathode ray work to Hertz and Lenard. 

Cathode Rays, J. Pulig on. [P 39.] 

Cathode Rays. Ch. Guillaume. La NaLy No. 1,187, p. 194. 
[See also La Nat., No. 1,177, p. 42.] 3 

Ad article on the nature of cathode rays. 

Cathode Rays. G. Jaumann and H. PoiNCAKfe. C, i?., 122, 
pp. 74-76, 1896. 4 

A diacussion of the theory of cathode rays. 

Cathode Rays. T. Des Coudres. Ver, Phys. Ges., Berlin, 
pp. 85-87, 1895. 5 

Cathode Rays, Absorption of. [A 1.] 

Cathode Rays, Coloration of Salts by. [C 12.] 

Cathode Rays, Deflection of, by Electrostatic Fields. [D 3.] 

Cathode Rays, Deflection by Magnetic Fields. [D 2.] 

Cathode Rays in an Electric or Magnetic Field. A. Garbasso. 
llnid. Air. Line, 5, 2, pp. 250-258, 1895. 6 

Hertz found no deviation of cathode rays in passing through an electro- 
static field, but Jaumann has lately produced feeble cathode rays which do 
become curved under these conditions. This may be explained by the charged 
particle theory. 

Cathode Rays, Experiments with. A. W. Wright. Am. Jul. of 
Science, vol. 1, 4th series, p. 235. 7 

The authors endeavoured to prove the existence of mutual repulsion between 
two cathode beams, and their deviation in a magnetic field. A pair of slits 
were cut in a copper screen placed in front of the cathode so that the i^ncils 
of rays were emitted and allowed to fall upon a sensitive plate placed at an angle 
to the copper screen. The resulting photograph showed that the pencils were 
divergent, also a slightly repulsive action was observed. The writer also 
endeavoured to introduce metal in a fine state of division into the cathode 
rays by interposing gold leaf in the path ; the result was that photographs 
showed that repulsion had taken place to a more marked extent. 

Cathode Rays, Longitudinal Tension of. [L 21.] 

Cathode Rays, Reflection of. G. Seguy. C. //., 122, p. 134, 1896. 
Also VEL'c, 11, pp. 300-801, 1896. 8 



( ) C9'12 

Cathode Rays, A Residual Photo-Electrical Effect of. [B 22.] 

Cathode Rays and Rontgen Rays. W. Arnold. Zeit, /*. KUk- 
chem., pp. 602-604, 1896. 9 

Fluorescence experiments. 

Cathode Rays and X-Rays : a Comparison. [L 6.] 

Cathode and X-Rays, Distinction between them. [G 1.] 

Cathode Rays under the Influence of Strong Magnetic Forces. 
M. BiRKELAND. Elek, Zeit., April 20, 1896. Also Klec. Her. 
(Lend.), vol. 88, pp. 752-782. 10 

The author treats the subject very fully, and particularly refers to the 
effect of the magnets upon cathode shadows. He mentions the conversion of 
cathode rays into X-rays by means of a magnet. 

Cattell, H. W., on X-Rays in Surgery. [S 86.] 

Cave, C. J. P., Experiments with Spark Gaps. Khc, vol. 86, 
p. 559. [See also B 26.] 11 

A letter in which the writer describes experiments undertaken to verify 
BoRGM Alt's results on the effect of X-rays upon a spark gap. For a constant 
gap he found that the number of si)ark8 passing {:»er minute was greater 
under X-rays than when the rays were screened off witli a zinc plate. 

Chabaud, V., on Rontgen Rays. [E 31.] 

Chabot, J. T., on Rontgen Rays. [E 32.] 

Chappuis, J., on Exposure in Rontgen Photography. [E 21.] 

Chappuis, J., and £. Nugues on Maximum Power of Crookes Tube. 
[C 23.] 

Charge, Electrical, on Anti- Cathode : Effect on Cathode Shadow. 
[T 8 ; also Nature, vol. 54, p. 566 ; also B 5 and 6.] 

Charging, Electric, by Rontgen Rays. [E 89.] 

Chemical Nature of Bodies : Relations between, and their Opacity 
to X-Rays. [E 20.] 

Colard, M., on Longitudinal Tension of Cathode Rays. [L 21.] 

Colardeau, M. E., on a New Form of Crookes Tube for Short 
Exposures. [C 21.] 

CoUe, F. S. : A New Fluorescent Screen. [F 9.] 

Coloration of Salts by Cathode Rays. E. Goldstein. BerL Ber., 
45, pp. 1,017-1,024. 1895. 12 



Colaon, R., on Photographic Fihns. (.'. 11., V22, pp, 598-600. 
1896. 13 

riiutograpliic gelatine Sims are affected by, amougat other caused, mechanical 
prsBBure and frictioa. 

CondenBation, Cloudy, Effect of X-Rays on. C. Wilson, Pi'ic. 

R-jy. So,: (Lond.), vol. 59, p. 338. 14 

Tlie author fnund thnt when air naa sutHuJentl; exjianded to give under 

ordinoiy conditinna a mifficicnt fall uf temperature to produce a shower of fiae 

rain, that the psHiage of Rijiitgeu raya caused the formation of a pendetetil fog. 

Condenaer, Electrostatic, and Rontgen Rays. [R 91.] 

Condenser Method for Producing X-Rays. C. L. Nobton and 
R. E. Lawrence. WciVirv, vol. 5, p. 49G, 15 

The authora worked tlieir iurluctiou coil through a ei)udeji«:i' "If lighting 
mains at 220 volts, and claim that the result gives a more powerful meaiu <it 
working than an; other : shadows haing obtuned tlirough the deuseat purCiutis 
of the humau trunk. The diftoharging of the condenser is effected by means 
of a 6-part commutator on the shaft of a small motor and diacbargea 850 
times per second without any seneiljle sparking. 

Conanmption and Rontgen Rays. EUc. F.iig. (N.Y.), vol. 22, p. 87. 
ltJ96. 16 

An account of several successful experiments. 

Consumption and Rontgen Raya. L. Bouchard. ('. li, 123, 
p. 1,231. 189G. [Sea also T 36. 37 and 36.] 17 

The writer found the right lung of a jiatient giive a much deeper ehadow 
Llion the left, and the prediction, therefore, that it was Hlled with tubsrcles ww 
subsequently veriQed. 

Contact, Electricity, of Metals, Effect of X-Rays on. [R 87.] 

Convection of Electricity Produced hy Rontgen Raya. A. Rieai. 
liend. An. Line, 5, 1, pp. 152-155, lB96. 18 

Description of experiments to sliosv that electric (iiBcliarge produced by 
X-r<Lya takes place in the direction of the lines uf force. 

Cormack, J., and E. Ingle on the Opacity of Bone to Rontgen 
Rays. [0 2.] 

Cottier, Jos., on Photography in Vacuo. [P 26.] ^1 

Condres, T. des, on Cathode Rays. [C 5.] ^ 

Courmelles, Ponreau de, and G. S^guy, on Experiments with a New 
Cathode Apparatus. (.■./(., 124, p. 814. 1H07. 19 

coiiiiected lo a, spherical reservoir. Each tube contained an anode and anti- 
cathode placed in the uime asLa. The writers describe some intereaung eHeuts 
of charge distribution obl^ned with the apparatus in operation. 

Courtenay, 6. R. : Photography by Heat Rays. [P 18] . 
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Crookes Apparatus, A. [P 5.] 

Crookes Tube for use with Alternating Cnrrents. MSI. Olti 



C. n., 12a, p. 1,269, I89G. 
-designed tube ijiviug » steady ligl 



find K 
A ilestript 
alternating ci 

Crookes Tube, On a Form of, for Short ExpOBOres. M. E. 
CoL.u(DEAi;. ( ■. /.'., vol. fi, Hnl ames, p. 542, 189fi. 21 

Tbc writer states tliu ci>ni!itionB neceesiiry tu be fuKillod to ubuiii tbc abuve, 
HUd deaciibe a funu of tube used by biiii with excelleut results. 

Crookes Tubes. C. Hutchins and F. Eouinbon. Am. Jul. of 
Scuiic; 1, pp. IC3-166, 1H9G. 22 

rrauticBil hiiitis. 

Crookes Tube, Maximum Power of. J. Cnupms and E. Nuoukb. 
C.j;., 122, pp. 810-H12. ]t!D6. 23 

With the particular inductina cuil employed the maximum Itontgen radia- 
Uuii was reached witli 10 brenkx per aei;uuil. 

Crookes Tubes, Mechanical Action from. [M 9.] 

Crookes Tubes, Occlusion in, [0 1.] 

Crookes Tabes. L. Segalin. N. Oim., i, 8, pp. 
1896. 

it tho beneficial ofi^t oC revendug the direut: 



24 

a of the 
diacharge in a Cruokee tube. He found alio that when the rarafnutioii of the 
gas withiii the tube had become too high it was an advantage to heat the 
cathode disc with coiicenti-ated raja from the nun. 



n-'ivl. A<x 



Sci. Fi: 



Crookes Tubes. E 

(Naples), June-July. 1H96. 

A Ci'oukfs tulie with a, tiand ni tinfoil near the cathode, 
gave a brighter tiglit and more abundant Rontfjan radiation 

Crookes Tubes. Q. Sehtin 

Mentious the fnlling-off in pot 

Crookes Tubes. E. Villabi. Ili^nil. Aee. Line, 5, 1, pp. 877- 
888. 1896. 27 

The whole interior uf the tube is charged negatively Dear the cathode and 
where the cathode raya Btrike, but more powerfully iu the latter case and 
over areas of leaser illumination. The charge ia liable to rovGrBe.so thatita 
distribution ia rendered complicated. 

Cryptochroism. A. R&iti. JUcih. vice. Iiw«., 6a, vol. 2. 1896. 28 
The article deacribea an actinometer for X-rayu designed after lUlfihie'e 



Cryptochroism. A. Roixi. 
1896. 



Ac: Line., 5, 2, pp. 153-165. 
29 

Czermak, P., On Btereoscopic Radiography. [S 26.] 
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Darien and De Roches, AIM., on Invisibility of Rontgen Rays. 

[I5.J 



Jan. 27, lH9C, p. 1 

aiy life-lit DiruUBh wliat : 



J 

2 

tho 



Dark Li^t. M. Le Bon 
Ma;,. Ah.',., vol. -11, p. 
Pilot ujjra[jhB ubtained Ly luea 
isiuBiderad opaque bodies. 

D'Arsonva! on Photography through Opaqne Bodies. [P 21.] 
Davis, Ben : Hew Apparatus for Producing X-Eays. [A li.] 
Deflection of Cathode Rays by Magnetic Fields. J. A. Flbj 

F.H.S. Mer., vol. 3S, p. 302. :d 

BotatioQ and diminution of ehadow on pasaing a, curreul through a. i^uil en- 
uiruliiig the tube, and ultitn&te diBappeamut:^ uf shadow au iiiureasiiig the 
current ; on etlU further iucreaaing the curreut, a second hut faiutci* Bhadow 
appeared, larger tlian the first one ; a further increase again of Lhe eu; 
{luced a diminution of the ahailuw, but uu rotation. 

DeSection of Cathode Rays. [B 5 and 6.] 

Deflection, Electrostatic, of Cathode Rays. G. Jaumann. Wiener~ 
Sitzungsber., 105, 2a, April, 1896. Trans, in Eke, vol. 87, 
p. 343. [B 5 and 6.] 3 

An aucDuntr of eiperimenta in which it ia »hown that not only do external 
magnetio fields deflect cathode raya, but also exlemal clcctroBtatic fields. It 
was necessary to employ a feeble pencil of rayH, and the et!ectii were diSiuult 
tu ubHorve. Mention is made of the behaviour of different ^uirta of the cathode 
beam under these conditions- 
Deflection, Magnetic, Imparted to Rontgen Rays. [I 2.] 

Dermatitis &:om Exposure to Rontgen Rays. Dr. H. Crdckeb. 
Bnt. MhI. .I'm'i:, vol. 1, p. 8. 1806. 4 

Details of the case, with coloured illubtration. 

Dery-Develshauvers on Reflection of Rontgen Rays. BiiUatUr, 
No. 20, p. 809. 6 

Tlie writer concludes :— (1) There ia no true reHectiuu, tb^tt tlie diffuatve 
reflection recorded by various writers ia caused, at leoat partly, by the gouera- 
tionof rays in the substances experimented upon, which are different to X-rays. 
(2) That geometrical reflection does not exist for Itontgcn rays. 




Dewar, J., on Opacity to X-RayB. 
p. 537. 
In which he agrees that opacity iDcreaB 
density onlj-, as stated by Rontoen. 

Diagnosis by X-Rays. Eei 
p. 73. 
The uutht>r found tijat dirsuai 
healthy oues. 



Note in EUc, vol. 3G, 
Bee with atomic weight, 



ith 



graiihy, vol. 9, 
7 

transparent Uuui 
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Diagnosis of Disease by Means of X-Rays. [D 19.] 

Diamonds, Action of Rontgen Rays on. [A 5.] 

Diamonds and X-Rays. Abel Bugkt and Albert Gascard. Tm 
Nat., No. 1,196, p. 298. 8 

An account of experiments to show tliat diamoncls are transparent to 
X-rays. The article is illustrated. 

Dielectric, Function of, in X-Ray Discharge Effects. [D 15.] 
Diffiraction of Rontgen Rays. [R 81.] 

Diffraction of Rontgen Rays. L. Calmette and G. T. Lhuillier. 

C. R., 122, pp. 877-878. 1896. ft 

A reason for supposing X-rays to have a wave-length greater than 
that of light. 

Difitision and Opalescence with Rontgen Rays. Elihu Thomson. 
Elec.World, vol. 27, p. 452. (See also ibid., p. 488.) 10 
The author found that certain bodies behave with X-rays as opal glass and 
milky liquids do with ordinary light. 

Difitision of Rontgen Rays. A. Imbert and H. Bertln-Sans. ^.7?., 
122, pp. 524-525. 1896. 11 

Diphtheria Cured by X-Rays. [B 1.] 

Discharge, Electric, in Magnetic Field. [M 5.] 

Discharge, Electric, Effect of Light and Rontgen Rays on. [M 14.] 

Discharge, Electric, and Photographic Action by Rontgen Rays. 
[E5.] 

Discharge, Electrical, by means of X-Rays. J. J. Borgman. 
Elecy vol. 36, p. 501. [See B 26 and R 23.] 12 

Discharge, Electrical, by means of X-Rays. J. J. Thomson. (A 
letter). Elec, vol. 36, p. 491. 13 

Discharge, Electrical, by X-Rays. [T 11.] 

Discharge, Electrical, by X-Rays, Rate of. [T 13.] 

Discharge, Phenomena, in Rarefied Metallic Vapours. E. Weidemann 
and G. C. Schmidt. Weid. Ann.y 57, p. 454. 1896. Trans, 
in Elec, begins vol. 36, p. 851. 14 

Discharge by Rontgen Rays, Function of the Dielectric. J. Perrin. 
C. R,, vol. 123, p. 351. [Also B 8.] 15 

In which the author shows the rate of discharge produced by passing 
X-rays between two plates, depends upon the dielectric between them. 

Discharge by Rontgen Rays. [E 82.] 



1896. 



( " > 
Baj%. rEtiair. F3m., 7, pp. 545-5 
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Ksdurge bf Bratgen Bays. E. Vnnw. Ilntd. Arr. Line, 5, '. 
pp. 119^429. 1S96. 17 

Diachaige bj Bontgen Bajs or Electric Sparks. E. Viu.abi, 
Be»d. Art. Li»c., 3. 2. i^ 281-S33. 1896. 18 

The fraftrvf at dji^argipg i li liftH^ ho^B aoinrad 1$ jpns when Rijiitgm 
i^* IB* piwei Umogh Ibon p«n«ti aAcr Ifae bhw bne (rannad tiibei up 

tD toi mctraa loo^ bat Ub oC after tUa In^h ia ■ VmI An indnoad 

(ketrie ipaik cmla:* mdolar pnpartiat- TW Adiacpiig p»a- iDdoeed in » 
pa «a« made to tnime kog tabs. Tl« Bialuial of ttie tabes nude litUe ra 

Dischuge bjBMitgenB«js:Uw Part Ffage^ by the Snr&ce Acted I 
spaa. [P4.] 

Usease, DiagBoaia ot, by nteans of X-Bajs. C. L. Nobtom. 
B«e, Worid, vol. r,, p. 6(». 19 

A k«tcr ia wUdi tlte writar ^laDa anoal 1 

Diselectnfication of Solids Piodaced by Z-Rays and by Flame. I 
K 4." 

Di^ersKm, Electric, Prodaced by BdntgEn Rays. [E 6.] 

DisBocialion. Molecular, of Electricity by Bontgen Bays. 

DistiDCtion between Cathode and X-Bi^ TG 1.] 

DoeHer, C, on Bontgen Rays. [B 33.] I 

Dolbear, A. E. : Bontgen Bi^s. [B 34.] 

DoDey, C 5., and S. Egbert : Bontgen Rays in Smdi^t. [8 85.] 

Denati, L., on Electric Discharge and Photographic Action by I 
Bdntgen Rays. E 5.' 

DnfoBT, H., on Properties of X-Rays. [P 36.] 

Duration of Emission of Bontgen Rays. [B 86.] 

Duration of X-Badiations for each Spitrt fT 24.^ 

Dotto, v., on Photography of Arterial System by Rontgen Rays 
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Eder, J. M., and E. Valenta on Bontgen Rays. [E HC] 

Edison's (T. A.) Fluoroscope. Elrv.. R.': (Lon.l.), vol. 3B, p. 534 ; 
also Ehf. World, vol. '^7, p. :S60. 1 

Edison, T, A., on Lamps for Rontgen Raya. [L 2.] 

Edison's (T. A.) Rontgen Ray Work. E. J. Houston and A. E. 
Kennei-i.v. Kl>-c. World, vol. 27, p. SOS. 2 

Illuatrated forme of tubes, tiiid bis concluaiona us to tlio lient apparatuB nnii 
canditiaDsCorwark. 

Edwards, Dr. Hall: Notes on Radiography, Brit. Jnl. of Phot., 

vol. 43, p. 374. 3 

An account of radiograplis obtaineil tLmugh 5, 7 snd 10 kjers of pBii-ateel, 

Bheet-copper and 7 layers of aheet-lead. Tube used was made by Mr, Cossos, 

and required lljiu. Bjark, espOBore five niiuutBB. 

Effects, Electric, of X-Rays. [E 7.] 

Electric Changing by Rontgen Rays. [R 89.] 

Electric Charges and Rontgen RayB. L. Benoibt and D. 
HuKMTJZEscu. C. R., 12a, pp. 926-927. 1896. 4 

Rote of discliarge by X-ra^B increiwcn rapidly with ihe density of the 
BuiTOuading gaa or air. It varies directly as the anuare root of the daiiBity. 

Electric Discbarge and Photographic Action by Rontgen Rays. 

L. DoNATi. M. Civi., 4, 4, pp. 164-166. 1996. 6 

The writer deBcribes Giperiments which lead bim to BlAte that there is a 

coDBtsnt ratio between the discharging action and the photographic action of 

the rajB. 

Electric Dispersion produced by Rontgen Kays, A. Riohi. Rmd. 
Afc. Line, 5, 1, pp. 342-84«. 1896. 6 

The writer coucludea from hie eiperimeutB that a nou-gaBeoua dielectric 
does not hecome a conductor under the influence of Rontgen raya. 



Electric Effects of X-Bays. A. Big 
1896. 
K-raye discharge electrified com^uctors as 
give an ultimata pcaitive charge. S-raya i 



C.if., 122,pp. ( 



well as ncn-ootiduetors, and always 
irrest the movemenlH of a radio- 
allowed to develope on the glass. 

The diB]jer«ioii of eleclric charge on the glass is leas in raielled air, while the 

positive potential ultiiiiutely atlained in higher. 

Electric or Magnetic Field, Cathode Rays in. [C 6.] 
Electric Sparks, Discharge by, and by Rontgen Rays. [D 18.] 
Electric Sparks and Ultra-Violet Light. [U 1.] 
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Electric SparkB, Action of Routgen Rays on. A. Srlla and ' 

Q. Majorana. H.'ii.I. Acc. Line, 5, 1, pp. 323-827; also J 
pp. aH9-S92. 1896. 8 ; 

At Khort difltanceq a^jtarkiii^ belwecD Lnu pniiilH wau fnvnured 1>y lettiiif^ 
Runlgen raya till u[«n the negative [lole. The writers iliK'uiw the ro 

Electric Sparks, Explosive Distance of, Effect of X-Rayson. [G 9.|J 

Electrical Phenomena of Rontgen Rays. A. Right. N. I.'im 
H, pp. 177-18H. 1H9G. 

All accgunt ta date uf work done in this direction. 

Electricity, Distribution of, on Surface of Crookes Tube. [V 3.] 
Electricity, Passage of, through Rontgenised Gases, [T 14.] 
Electricity, Transport of by Roatgen Rays. [H 114.] 
Electrification of Air by means of X-Rays. [K .S.] 

Electrification of Gases exposed to Rontgen Rays, and the Absorp- 
tion of X-Rays by Gases and Vapours. E. Euthbkford. 
Phil. May., vol. iH, p. 255. [Also G 4.] 10 I 

ReBulta of i seriea of carefully arranged experiment* on ali'ive, with a table ^ 

of Gomluctivitiea of varioua gases. 

Electrification and Light, [L 13. J 

Electrified Bodies, Effect of Rontgen Rays on. [B IC] 

C. R., 122, pp. 929-S 
.TTj an eleolric charge. 
A. Lafay. C. R., 122, pp. 837-6 



Electrified Rontgen Rays. A. Laj 
1896. [See also L 17.] 

Eiperimenta in which the rays are maii 



Electrified Rontgen Rays, 
1S9G. 
The ranlta referred to in I 2 and E 13 
magnetic and an electric fieM. 

Electrified Rontgen Rays. A. Lapay. C. R., 122, pp. 809-810. 

iH9e. 13 ' 

A ooDtinuation of work pnLlidhed previonsly npon magoelic deviation 1 
(aee 1 2]. The direction of the deviation depenrla upon the nign of the electri- J 
Hcation. The author sii^o cnentinna in panaing tbiit a Croakea tube cnnlM'l 
rejuvenated by heating it to 200"C, 

Electro-Chemical Action of Rontgen Rays. Fbanz Stbbinitz. | 
Wnner Bn-irhtf, Feb. 6, 1896. Abs. in Phil. Mag., vol. 41, 
p. 462. 1* ' 

The author points out that X-rays alter the electrical conductivity ol 
siWer haloiiis. The article deals with photo-electric experiments, 
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Electrographs. J. I' Anson. Nature, vol. 55, p. 269. 1897. 16 

Patterns produced by charged conductors ; images obtained by electric 
discharges to coins without other apparatus. 

Electrography. Jules Eobinet and Auguste Perret. La Nat., 
No. 1,197, p. 858. 16 

Photographs obtained by placing sensitive plate between metal sheets 
connected to an induction coil. 

Electrostatic Forces, Velocity of Propagation of. Lord Kelvin. 
Nature, No. 1,871, Feb. 6, 1896, p. 316. 17 

Electrostatic Charge and Discharge Potentials, Effect of Rontgen 
Rays on. [A 6.] 

Elster, J., and H. Geitelon Electro-Opticallnvestigation of Polarised 
Light. Ann, Phys, Chem., Bd. oo, trans, in Phil, Maq,, 
vol. 41, p. 218. 18 

Elster, J., and H. Geitel: Residual Photo-Electric Effect of Cathode 
Rays. [R 22.] 

Emission Point of Rontgen Rays. [E 101.] 

Emission of Rontgen Rays by a Tube containing Fluorescent 
Matter. N. Piltschikoff. C. A'., 122, pp. 500-501. 1896. 19 

Energy of Rontgen Rays. [T 26.] 

Engelmeyer, P. K. de, on Invisible Rays. [I 6.] 

Excitation, Luminous. [L 28.] 

Explosive Discharge in Air, Action of Rontgen Rays and Ultra- 
Violet Light on. A. SELLAand Q. Majokana. V Eclair, Elcc, 
vol. 10, pp. 36-87. 20 

Exposure to Rontgen Rays, Shortening of. [S 10.] 

Exposure, Photographic, Reduction of, in X-Ray Work. [S 42.] 

Exposure, Reduction of, in Rontgen Photographs. Meslin. 
[R 11.] 

Exposure, Reduction of, in Rontgen Photography. Basilewski. 
[R 12.] 

Exposure in Rontgen Photography. eT. Ciiappuis. C, /?., 122, 
pp. 111-719, 1896. 21 

Eye, the. Transparency of to X-Rays. M. Wuillomenet. C, IL, 
122, pp. 727-728. 1896. 22 

A rabbit's eye containing a pellet of lead was photographed, and the image 
of the lead could be clearly seen iu the resulting negative. 

E 
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Fae, G., on Rontgen Rays. [R SG.J 

Ferrotype Plates for X-Ray Work. 0. Lodge, it^^c, vol. 36, 
p. H65. 1 

Films, Photographic. [C 18.] 

Firefly Rays. H. Muraoko. Wnd, A)in,, vol. 59, p. 773; also 
A'Zt'c. Un-, (Lond.), vol. 89, p. 804. 2 

Fitzgerald, G. F. : Longitudinal Component of Light. Phil. Mag., 
vol. 42, p. 260. 8 

Flame, Coal Gas, Transparency of to X-Rays. [P 7.] 

Flame, Diselectrification of Solids by, and also by X-Rays. [K 4.1 

Fleming, J. A., on Deflection of Cathode Rays by Magnetic 
Fields. [D 2.] 

Fluorescence. G. C. Schmidt. Weid. Amu, 58, pp. 108-180. 
1896. 4 

Fluorescence, X-Ray, Colour of. P. C. McIlkiney. Kief. Winid, 
vol. 28, p. 664. 5 

Abstract of Paper read before N.Y. Academy of Science, Nov. 2, 1896. 

Fluorescence, Experiments on. Elihu Thomson. Elec.^ vol. 88, 
p. 302. 6 

Fluorescence of Glass in X-Ray Photography. [S 8.] 

Fluorescence, Polarised. [P 81.] 

Fluorescence of Solids and " Solid Solutions." E. Wiedemann and 
G. C. Schmidt. Weid. Ann., 66, pp. 201-254. 1895. 7 

Fluorescence of Vitrified Materials under the Action of Rontgen 
Rays. M. Radiquet. C. 11, 124, p. 179. 8 

A number of substances become luminous under the influence of X-rays, 
including the following, arranged in decreasing order : — Baked enamels, crown 
flint glass, porcelain, enamel powder (before baking) and cut diamond. 

Fluorescent Bodies Produce Extension of Visible Spectrum. 

[S 88.] 

Fluorescent Screen, A New. F. S. Colle. Elec. liev. (Lond.), 
vol. 40, p. 856. 9 

The author employed a preparation of oxyfluoride of auranium and ammonia 
(lTr^09H24NH4Fl}, and gives instructions for setting up such a screen. 
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Fluorescing Screens, Best Way of Making. E. P. Thompson. 
Elec, vol. 86, p. 668. 10 

Fluoroscope, Edison's. Elec, llev. (Lond.), vol. 88, p. 634. 11 

Fluoroscope, H. 0. Mance's, for Testing the Efficiency of X-Ray 
Tubes. Elec. liev. (Lond.), vol. 88, p. 760. 12 

Focus Tube for Alternating Currents. [S 89.] 

Focus Tube for X-Rays. Eke. llev, (Lend.), vol. 88, p. 840. 13 

An account of Jackson's focus tube (illustrated). 

Focus Tube for X-Rays, Note on. R. W. Wood. Phil, Maq., 
vol. 41, p. 882. 14 

An account of a tube in which the heating effect produced by the cathode 
rays beating upon the glass is partially obviated. 

Fog Produced by X-Rays. [C 14 and S 26.] 

Fomm, L. : Wave lengths of Rontgen Rays. Weid, Ann., vol. 59, 
p. 850. 1896. 16 

By means of difi&action gratings he obtains 0'000014mm. as the probable 
wave-length of X-rays. Saonac has made it 0*00004mm. as a superior limit. 

Fontana, A., and A. Vmani on Action of Rontgen Rays upon the 
Movement of Radiometer Vanes, llcnd. Ace. Line, 5, 1, 
pp. 170-172. 1896. 16 

The writers attribute the retarding action of Rontgen rays to the electro- 
static charge produced upon the walls of the tube containing the vanes. 

Frazer, Col. A. T. : Hindoo's Hand more Opaque to X-Rays than 
European's. Nature, vol. 54, p. 488. 17 

Freedmaoi, W., on Shadow Pictures from Arc Light and Sunlight. 
[87.] 

Frentzl, J., on Rontgen Rays. [B 87.] 

Frost, E. B., on Experiments with X-Rays. Science, vol. 8, 
p. 465. 18 

Results of experiments on reflection, the rectilinear propagation of the 
rays, &c, with an illustration of a case of apparent interference. 



G 

Galitzine, B., and A. de Kamojitzky on Properties of X-Rays. [P 87]. 

Galitzine, B., and A. de Kamojitzky on Rontgen Rays. [R 88.] 

Garbasso, A., on Cathode Rays in an Electric or Magnetic Field. 
[C 6.] 

B 2 
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Carliasso, A., on Rontgen Rays. [R ^0.] 

Qardlner, J, H. : Cathode and X-Eays, Distinction Between 
Nawn, vol. G3, p. 4H(J. 

Quee, Electrification of by X-Rays. [E 10.j 

Oaaes Exposed to Rontgen Rays. E. Vilimbi. N. Vim. 4, 
pp. 2114-240, itIOG. 
Tlie writer fuuiiil tliac gaaas to whicli the power uf diBpeniog elecUi 
(ib*r|{(w liwl bwii imparted liy Kiiatgen rajs, by electric HpBrlu or by til 
irnnluct* uf oumbuetioD in fluues, have an iucreaned thpriaal coDducUvi^j 
wblch aliH) iiuintt to tlie elfeuL being <1ue tt> a disanviiitiiiii uf mulevutei inh 
free ktotn* wliiuh are luore mobile. Ttiia property cuuld out be imparted U 

Gaugo, A New Vacuum, [B a] 

Gauges, Two New Preaanre, for Highest Vacua. W. Si,'THEKi.iMi.J 
ri.il. Mai/., vol. 49, p. m. 
Tlin >lillii>r refurK to tlie une of the tortioii iiuiiometar and to a diac viact 
niGtcr. Ttia article ia nt>t ihu>itrBtud. 

Geisaler Tubes, Phosphorescence and X-Rays in. [P 8.] 

Gerard, M.: Propagation of X-Rays. Boy. Acad, of Belgium. 
Also note in NaUnr, vol. 64, p. 204. 4 

Thn mmlo of propugotiou u[ X-raya thi-ough air. Tiie author disiigrBes 
with I'rof. IWwTUKN that air ia leaa aljaorbent tn X-raya thau to latliode rayg, 
and nuijueati that both juaseaa the analogy of not travelliu); in perfcQllf 

Oeryk Air Pump. [1' 42.J 

Giazzi, F., on Rbntgea Rays. [R 40.] 

Oifford, J. W,, on Failure of Tubes if the Platinum be above a- 
certain Temperatm^e. Nntuir, vol. 54, p. 63, 

Tlie atithiir alno iiit-utioue uaiiij- fluureacing nuteriala in Lunnectiou witJi 
the phutugraphiu plate, 

Glfford, J. W., on Tube for Rontgen Rays. [T 28.] 

Giltay, J, W., Action of X-Raya on Selenium. [S 6.] 

Gladstone, Dr. : Action of Metais and their Salts on Ordinary 
Light, and on X-Rays. B. A. Meeting, 1696. Natm-t', vol. 
54, p. 683. 

Godspeed, A. W., on Rontgen Phenomena. [P 6.] 

Goldhammer, Dr., on the Nature of X-Rays. Wtiil. Ann.. 

pp. 636-638. 181)6. ' 7 

The author iuclinoa tovrarda tbc belief that theiie raya are ultra-violet rays 
of ezceediugly ahurt nave leugth. 
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Goldstein, E., on Coloration of Salts by Cathode Rays. [C 12.] 

Goldstein, E., on Rontgen Ray Photos. [P 12.] 

Gossart, E., and H. Chevallier on Mechanical Action of X-Rays. 
[M 10.] 

Gouy, M., on Occlusion in Crookes Tabes. [0 1.] 

Gouy, M., on Refraction of Rontgen Rays. C. IL, 122, pp. 1,197- 
1,198. 1896. 8 

The author found no trace of refraction. 

Gouy, M., on Refraction of Rontgen Rays. [B 19.] 

Guggenheimer, M., on the Influence of Rontgen Rays on the 
Explosive Distance of the Electric Spark. C. It^ 124, 
p. 859. 1897. 9 

The writer found that the explosive distance increased when the micrometer 
l>all8 were under the influence of Rontgen rays. The interposition of a 
fluorescing screen did not sensibly affect the result. 

GuiUaume, Ch., on Cathode Rays. [C 3.] 
GuiUaume, Ch., Recent Researches in Rontgen Rays. [R 105.] 
Guillaume, Ch., on Rontgen Rays. [B 41, 42 and 43.] 
GuiUaume, Ch., on the X-Rays. La Nau, No. 1,133, p. 129. 10 



H 

Halogens, Behaviour of, Relative to Rontgen Rays. Biehlatter, No. 1 , 
p. 64. 1897. 1 

Hanchett, G. T., on Manipulation of X-Ray Apparatus. Elec. 
World, vol. 29, p. 377. 2 

Heart Disease and Rontgen Rays. [R 84.] 

Heat Rays, Photography by means of. [P 18.] 

Henry, C, on Rontgen Rays. [B 44 and 45.] 

Henry, C, and H. Becquerel on Accumulation of Light. [A 4.] 

Henry, C, on Luminous Excitation. [L 23.] 

Henry, C, on Photography by Rontgen Rays, with Phosphorescent 
Zinc Sulphide. [P 24.] 

Henry, C, and G. Seguy : Phosphoresence of Zinc Sulphide in 
Crookes Tube. [P 10.] 
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Heterogeneity of Crookes Tube Radiationa. F, P. Le Rovx. 
C.Jl., 122, pp. 924-926- 189G. 3 

TliB writer propoaea !■) will X-rajH " lij'perdinbatic " rnys. 

HeydweiUer, A., on Roiitgen Rays. jR 4G.] 

Hill, Dr., on Action of X-Rays on Pulmonic Affections. [R 103.] 

Holtz, W., on Rontgen Raya. [R 47.] 

Hospitalier, E., on Radiography. [R 7.] 

Honstoa, E. J., and A. E. Kennelly on Edison's X-Ray Work. [E 2.J 

Houston, E. J., and A. E. Kennelly on Alternating Cori'ents and 

X-Raya. [A 10.] 
Hurion, A., and M. Izam on Rontgen Rays. [B 48.] 
Hutcliins, C. C, and P. C. Robinson on Crookes Tubes. [C 22.] 

Hyper- Phosphorescence, S. P. Thoupbon. Nature, vol, Bi, 
p SSC. 4 

111 which tlic auLhor refers to the property which certain bodiea haya of 
GmiUing invjitible raye after due atimuluii. He nlso poioba out that calc-Bpar, 
li]util«, ruhies, Bnpphires, dittmotids, uranium glass, echeetite, tourmalLne, ziDU, 
' ' ' 1, magneeium and platinum, all emit X-rajs in varying dt^reea »( 



Hypothesia, Rontgen Ray. [R 95.] 



HO^^^T 



I'Anson, J.: Eiectrographs. [E 16.] 

Images, Electric, in the Field of a Hittorf a Tube. N, OuMore 

A. BamoIIoff. t/iil. May., vol. 42, p. 308, 

The nuthont deal with electrification imageB d( various materials obtained 

uprjii sheeta uf ebonite whan Bubmitted to the radiation £rotn a Hittort'a tube. 

Imbert, A., and H. Bertin-SauB on Diffusion of Rontgen Raya, 

[I) U.J 

Imbert, A., and H. Bertin-Sans on Radiography in Physiology, [R 6.] 

Imparting Magnetic Deflection to X-Rays. A. Lafay. C. i1., 122, 
pp. 713-715. 18%. 2 

If the raya are {laaaed thmugli on electrified sheet of metal, a magnet is 
capalile of producing deviation. 

Inatantaneous X-Ray Photos. Letter from Bonnella and Son, 
Kkc. i,Vf. (Lond.), vol. 38, p. 374. [See also M 8.] 3 
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Intensity of X-Rays, Method of Estimating. F. W. Branson. 

J^Jlec. Ilev. (Lond.), vol. 40, p. 251. i 

The method coDsists of the use of an aluminium quadrant in millimetre 

steps, superposed on a sensitive plate and exposed fur a definite time, the 

number of steps shown being proportional to the intensity of the X-rays. 

Interference, Case of Apparent. [F 18.] 

Internal Rays. [0 8.] 

Interrupter, Mercury. [M 18.] 

Invisible Radiation, M. Becquerel's and G. Sagnac's Experiments 
in. [R 1.] 

Invisibility of RontgenRays. MM. Dabien and De Rocnss. ('. //., 
122, pp. 458-459. 1896. 5 

Experiments upon the opacity of various parts of the eye to X-rays. 

Invisible, Photographing the. [P 15.] 

Invisible Rays (X-Rays). P. Klementitcii de Engelmeyer. La 
Nat., No. 1,184, p. 157. [See also T 36, 87 and 88.] 6 

An account of experiments made by M. Puluj, and contains two illuBtrations, 
one of a normal hand and one of a hand with tuberculosis. 

Isenthal, A. W. : Summary of Work with the New Rays. [8 81.] 



Jackson, Mr., Interview with. Elec., vol. 38, p. 470. 1 

Jaumann, G. : Longitudinal Light. [L 20.] 
Jaumann, G. : Deflection (Electrostatic) of Cathode Rays. [D 3.] 
Jaumann, G., and H. Poincar§, on Cathode Rays. [C 4.] 
Johnson, V. E., on some Veterinary Applications of X-Rays. [R 1 1 6.] 



K 

Kahlbaum's Automatic Air-pump. 0. Zotii. XHt. f, Tmtmmk.j 10, 
pp. 65-77. 1896. 1 

Kelvin, Lord, on Velocity of Propagation of Electrostatic i'orce. 
Nature, No. 1,871, p. H16. 2 
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Kehin, Lord, and Drs. Beattie and de Smolan : Electrification of 
Air by Bontgen Rays, hlec., vol. 38, p. 486. 3 

Kelvin, Lord, and Drs. Beattie and de Smolan on Apparent and 
Real Diselectrification of Solids, produced by Rontgen Rays 
and by Flame. S'nurt\ vol. oo. p. 473. 4 

Kelvin. Lord, and Drs. Beattie and de Smolan on the Effect of 
Bontgen Rays on Paraffin in respect to Electric Conductance. 

Kelvin, Lord, on the Generation of Longitudinal Waves in Ether. 
W 3. 

Kelvin, Lord, and Drs. Beattie and de Smolan on Electrical Con- 
ductivity of Air Affected by Bontgen Rays and Ultra-Tnolet 
Light. Xatnn; vol. 55, p. 343, 1897. 5 

An eUbcrt^te iserieg of test* on the discharge of electrified bodies by Rontgen 
rays and ultra-Tiolet li^ht. 

Ker, W., on Shadow Pictures by Arc Light Rays. [8 8.] 

Kinematics of the Rontgen Rays. W. M. Stixe. Klec. Em. 
(N.Y.), vol. 21, p. 408, 1896. 6 

The writer deals briefly with experiments on refraction, reflection, diffraction 
and interference of the rays, and faTours the longitudinal theory. 

Konig, W., on Rontgen Rays. [B 49.] 



Lafay, A. : An Imparted Magnetic Deflection to X-Rays. [I 2.] 

Lafay, A., on Electrified Rontgen Rays. [£ 11, 12 and 13.] 

Lamp, A New Rontgen Ray. Siemens and Halske. FAec. Rev, 
(Lond.), vol. 40, p. 237. 1 

Tills lamp is provided with a means of chemically varying the vacuum. 

Lamp for X-Rays, New Form of. [W 5.] 

Lamp, A Standard, for Rontgen Rays. [S 28.] 

Lamps for Rontgen Rays. T. A. Edison. Klec. Eng. (N.Y.), 
vol. 21, p. 878. 1896.. 2 

Laryngeal Surgery and Rontgen Rays. Dr. MAciNrYRE. lint 
Mrd. Jouv., vol. 1, p. 1,094. 1896. 3 

An a(;c<)unt of experiments on both living and dead subjects with sj)ecial 
reference to the larynx. 
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Law of Opacity of Substances to Rontgen Rays. [0 5.] 

Law of Photographic Action of Rontgen Rays. L. N. VANDB^'Y^T.s. 
Jom\ de Phys., 8rd series, vol. CI, p. 28. 1897. 4 

— J , where t = 

minimum time in miDutes of exposure to obtain a sharp image of an object of 
thickness E and tl is the required time necessary in the case of an object of 
thickness E^. 

Lea, M. Carey, on Rontgen Rays not Present in Sunlight. Am. Jnl. 
of Science, vol. 51, p. 868, 1896, also Elec, vol. 87, p. 75. 
[See also G 1.] 5 

Description of a number of experiments made to demonstrate that X-rays 
were not present in solar radiations. No X-rays were found to proceed 
from the light of a Welsbach lamp. 

Lemoine, J., on Rontgen Rays in Paleontology. [E 99.] 
Lenard, P., on Absorption of Cathode Rays. [A 1.] 

Lenard, P. : Cathode Rays and X-Rays, a Comparison. Abs. in 
KUc, Bn-. (Lond.), vol. 89, p. 722. 6 

Lenard, P., on Absorption of Cathode Rays. WeuL Ann.y vol. 56, 
p. 255 ; also Mec, Eev, (Lond.), vol. 88, pp. 97 and 181. 7 

Lenard Rays. Mec, vol. 87, p. 676. A note. 8 

Lenard Rays and Rontgen Rays, Resemblance between. Elec, 
vol. 86, p. 899. 9 

Leonard, C. Lester, on Physical Phenomena of X-Rays. Flee. 
World, vol. 28, p. 687. 10 

Light, Accnmolation of. [A 4.] 

Light, Dark. [D 1.] 

Light and Electrification. [L 13.] 

Light, Longitudinal. [L 20.] 

Light, Longitudinal Component of. G. F. Fitzgerald. Phil, Ma(f,, 
vol. 42, p. 260. 11 

Light, Phosphorescent. [PH.] 

Light, Polarised, Electro-Optical Investigation of. [E 18.] 

Light and Rontgen Rays, Action of on Electric Discharge. [M 14.] 
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L Light, Ultra- Violet, and Electric Sparks. [U 1.] 
I Liquids and Solids, Opacity to X-Rays. [0 6.] 
f Liquids, Transparency of to X-Raya. [T 21.] 
Living Tissue, Effect of K-Rays on. [X 7, and T. 19 and 20, 

Lodge, 0. : Ferrotype Plates for X-Ray Work. EU'c, vol. 

p. 865. la 

Lodge, 0,, on Light sud Electrification. Scifnce Prm/., vol. 5, 

p. 423. 1H9C. 13 

The writer ciinaiiers the new rays differ from uitra-violet light only i 
matter of wave length, which he pointa out tiiuat be extremely xhort and 
parable to the hlza of atoniFi. 

Lodge, 0,, on the Present Hypothesis Concerning the Nature 
of Rontgen Rays. Klec., vol. 86, p. 471. 1* 

Id which the author points out thtil, nil attetnpts hi far made to show 
deflection of X-rays by a magnet have tailed. 

Lodge, 0., on Progress in Radiography. Elee., 
788. 
A general aummac; of important work, togetiier with a 
toggesdooB. 

Lodge, 0., on the Rays of Lenaid and Rontgen, Flee., v 

p. 43S. 
Lodge, 0.: Rontgen Ray Experiments. EUe., vol. 38, j 

[See also E 11, 12 and 13.] 

The wriMr describes experimeats made vith a Crookes tube co 
three electrodes, two of which were cup shi^MS. He was unable b 
H. LaFai's reeultd on deflection of X-rays matj^etically, nor does he 
pansing X-rays through a charged surface can electrify them. [See E 
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Lodge, 
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0. : The Surviving H]rpothesis Concerning X-Rays, 
Ll-'c . vol. 37, 1). 370. 18 

An application of variuuii thev>ne« to show that X-rays are probably trano- 
verse etheric vibration! like light. 

Lodge, 0. : X-Rays with a Wimshurst Hachiue. [X IT.] 
Londe, Albert, on a New Mercury Intermpter. [M 13.] 

I.F.Fitzgerald. Phil.Mag. 

1» 

Longitudinal Light. G JAVHiisN. WUJ. Ann., No. 1, 1 

p. 147 : Trans. EIk., vul. 36, p. 417 and p. 685. TO- 

Arguments in favour u( the bypolheius that cathode rays are the renilt 14 

loQgiCDdioKl riectriu oecill«tk>ns. 
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Longitndinal Tension of Cathode Rays. M. Col\rd. C. 7?., vol. 128, 
p. 1,057. 1896. 21 

A mathematical article showing that a cathode ray in a magnetic field 
behayes like a perfectly flexible conductor carrying the same current, and tliat 
there is in that conductor a longitudinal tension which is constant throughout 
the whole path. 

Longitudinal Waves. [B 28.] 

Lortet and Genoad, MM., on Rontgen Rays and Tabercolosis. 

[T 87.] 

Lowering of Static and Dynamic Discharge Potentials by X-Rays. 
R. SwYNGEDAuw. C. /?., 122, pp. 374-876. 1896. 22 

Lnmi^re, A. and L. : Photographic Researches on Rontgen Rays. 

[P 14.] 

Lumi^re, A. and L., on Photography through Opaque Bodies. [P 20.] 

Luminous Excitation. C. Henry. C. 11, 128, pp. 452-454. 
1896. 23 

Lussana, S., and M. Cinelli on Rontgen Rays. [R 50.] 
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MacGlelland, J. A., on Selective Absorption of Rontgen Rays. 
Froc, Hoy, Soc, (Lend.), vol. 60, p. 146. 1 

Macfarlaoie, Alex. : Experiments with Rontgen Rays. [R 98.] 

Macfarlane, Alex. : Source of X-Rays. [S 16.] 

Macintyre, Dr. : Attempts to Polarise X-Rays. Proc. Roy, Soc. 
(Edin.), vol. 21, p. 144. 1896. 2 

Negative results. 

Macintyre, Dr., on Applications of X-Rays to Soft Tissues of the 
Body. [X 1.] 

Macintyre, Dr., on Rontgen Rays and Laryngeal Surgery. [L 8.] 

Macintyre, Dr.: Instantaneous X-Ray Photos. Pmc. Hoy. Soc. 
(Edin.), vol. 21, No. 2, p. 140. 3 

The writer found that a mercury interrupter enabled him to obtain more 
powerful fluorescence upon the walls of the tube, apparently, owing to the fact 
that a greater quantity of electricity was utilised in the discharge. X-ray 
photographs were obtained with only one flash of the mercury interrupter. 

Macintyre, Dr., on Some Results obtained with Rontgen Rays. 
Froc. Roy. Soc. (Edin.), vol. 21, p. 187. 4 

MacEissick, A. F., on Becquerel Rays. [B 11.] 

Magnetic Deflection of Rontgen Rays. [I 2.] 

Magnetic or Electrostatic Fields, Cathode Rays in. [C 6.] 
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Magnetic Fields, Action ol on Cathode Rays. [D 2.] 

Magnetic Fields, Effects of Strong, on Electric Discharges i 

Vacuo. |"S 37.J 
Magnetic Field, Electric Discharge in. SirD. SALoiioNS. f/iU 

M>ii,., vol. 4'2, p. 245. 

An article conlaiDiDg ftrt&l detail of eipenmenUoo vaouuoi lubes of n 
BpBuial farmB and placed in poverful mftKnetLU teiAt. The authur dnolls upn 
the foroiatian of banda of liglit iu the tube produced by this meBua, and ab 
notices the chan)^ uf reaiatiiDco of the giuea vrilhin the tube. Tlia urdiuiir 
Bpark in oir ie also brieflj inTefitiga,ted. 

Magnetic Field (Non-Uniform) and X -Ray Photography. [K 9.] 

Magnetic Force acting on a Moving Electrified Sphere. Aetht 
ScKusTiLB. I'hil. M:i.i., vol. 48, p. 1. 

Magnetic Forces, Effects of, on Cathode Rays. [C 10.] 

Magnetism, Influence of, on the Nature of the Light Emitted by 4 

Substance. [Z 1.] 
Malagoli, R., and C. Bonacini on Reflection of Rontgen Rays.^ 

[B 15.] 
Malteaos, C, on Rontgen Rays. [E 51, 52 and 115.] 

Mance, H. 0. : A Fluoroscope for Testing Efiiciency of X-Ra] 
Tubes. KUc. l-ler. (Lond.), vol. 38, p. 760. 

Mance, H. 0., Moore, H., and Phillips, C. E. S., on X-Eays. EM 
vol. 36, p. 865. 

A letter uinouDciiig the obserraliou of a ra,y to which bone is trangpartntj 
[Sea Editor'n footnote.) 

Marangoui on the Law of Opacity to Rontgen Rays. [0 5.] 

Martinotti, C, on Rontgen Rays. [B 53.] 

Maurain, C, on Rontgen Rays. [E 54.] 

Mattritins, R., on Rontgen Rays. [R 55.] 

Mamnnm Power of Crookes Tube. [C 23.] 

Mayer, A,, on Polarisation of Rontgen Rays. [P BO.] 

Mayer, A., on Recent Work with Rontgen Rays. [E 107.] 

Mechanical Action from Crookes Tube. -I, E. livniiEBo. C. fl.J 

122, pp. 715-716. 189(>. 
Mechanical Action of Rontgen Rays. E. GoaaAHi and H.-I 

Uhevallier. C. i;., 122, pp. 315-317. 1K96. 1© 

H of the vaues of a. radiometer were atopjjad hy eipoaur 



Medal, Relief of a, Photographed with Rontgen Rays. [P 22.] 
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Medical Applications of Rontgen Rays. [R 98.] 

Medicine and Surgery, X-Rays in. C. L. Norton. Science^ vol, 8, 
p. 780. 11 

Accounts of successful diagnosis and observations in practice. 

Medicinal Properties of X-Rays. W. Caffrey and N. S. Wilson. 
Elec. World, vol. 29, p. 67. 12 

Mercury Interrupter for Induction Coil. Albert Londe. La Nat., 
No. 1,286, p. 155. 13 

A layer of alcohol and water is used to cut off the spark above the surface 
of the mercury, and the inventor produces the oscillation of the beam 
carrying a dipping wire by means of a small motor. 

Merritt, £., on the Influence of Light upon the Discharge of Elec- 
trified Bodies. Sck^ice, vol. 4, pp. 858-890. 1896. 14 

The writer deals with the principal workers in this field, including Hertz, 
Weidemann, Kighi, &c., &c., summarises their results, and compares the action 
of ultra-violet light and Rontgen rays in discharging electrified bodies. 

Meslans, M., on Relation between the Chemical Nature of Bodies 
and their Opacity to Rontgen Rays. [R 20.] 

Meslin, G., on Non-Uniform Magnetic Fields in X-Ray Photography. 

[N9.] 

Meslin, G., on Reduction of Exposure in Rontgen Photography. 
[R 11.] 

Meslin, G., on a Rontgen Ray Photometer. [R 100.] 

Metallic Vapours, Discharge Phenomena in Rarefied. [D 14.] 

Metz, M., on Photographic Action of Cathode Rays. C. R., 122, 
pp. 880-881, 1896, and Kiev. liev. (Lend.), vol. 38, p. 658. [See 
also B 9.] 15 

Michelson, A. A., and S. W. Stratton on the Source of X-Rays. 

[S 18.] 

Michelson, A. A. : Theory of X-Rays. [T 5.] 

Millor, D., on Rontgen Ray Experiments. AV^c. World, vol. 27, 
p. 809. 16 

Minchin, G. M., on Charging Eff'ects of X-Rays. Elec, vol. 36, 
p. 786. [See B 26 and R 28.] 17 

A letter in which he describes experiments which show that the charge 
which X-rays can give to an un-electrified body depends for its sign upon some 
quality in the body. He thus helps to explain an apparent discrepancy in the 
results of Borgmann and Righi. 

Minck, F., on Rontgen Rays and Bacteria. [B 8.] 
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Holecniar Dissociation of Electricity by Bontgen Rays. J. F&biiim. 
V. 11., 12S, pp. 878-H80. 1896. 18 

Morean, G., on Rontgen Rays from Brash Discliarge. [B 80.] 

Mosetig, Prof. : Early Practical Results with X-Raya. [K 102.] 

Muller, 0., on Rontgen Rays. [B 56.] 

Mimsterberg, Hugo, on X-Raya. Scicnu, vol. 3, p. 281. 19 

An arliiile on Prot, HiisiuES's JJBcotarj uid the work leading to it. 

Muras, T. H., on Rontgen Rays and their Source. [S 19.] 

Murray, J. Ersfcine ; Effect of X-Rays on the Contact Electiicity 
of Metals. [RBT.i 



Nature of X-Raya. [ti 7.J 
Neesea, F,, on Rontgen Bays. 
Neuliauss on Kdntgen Rays. 



Meu 



lyjci. 



[R 57.] 
Zfit. j: F.kk.-clu:m 



pp. 462-468. 
1 

.linarj gluw-lamji being used w produce X-raya. 



New " Focus " Tube for X-Rajs. [F 13.] 

New Photography. Oapt. Ae.vEy. rhutuijrapkij, vol, 8, p. Hi. 2 

An inquiry na to the way in which a Beoaitiva plate is acted upoii, and a 
rapudiation of true photographic action. 

New Photography. Editorial Article (Ulustrated). Ehc. World, 
vol. 27, p. 147. 3 

New Photography. Editorial Article. KW. World, vol. 27, 
p. 171. 4 

Meutioniny Pi;i'iN, rei;iirda t,hat mlflrior electrudea are uot necessary. 

New Photography, The X-Rays and. [X 13.] 

New Photography, The X-Baya and. Editorial Article. Else. Eee. 
(Lond.), vol. 88, p. 332. 5 

New RadiaUon, The. Editorial Article. A7tc., vol.36, p. 448. 6 

Niewenglowski, G. H., on Phosphorescent Light. [P 11.] 

Nipher, F, E.: Rotation of Cathode Disc in Crookes Tube. 

L-Edair. Eke, 7, pp. 172-173, 1896; also Eke., vol. 87, 
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Nodon, S., on Rontgen Rays. [B 58.] 

Nomenclature, Rontgen Ray. Klcc ir^r^/, vol. 27, p. 371. 8 

Many suggestionB for a definite name for liontgen phenomena by a number 
of American scientists. 

Non-Uniform Magnetic Field in X-Ray Photography. G. Meslin. 
a. IL, 122, pp. 776-777. 1896. 9 

Norton, C. L., and Lawrence, R. R., on Condenser Method of 
Producing X-Rays. [C 15.] 

Norton, C. L., on Diagnosis of Disease by Means of X-Rays. 
[D 19.] 

Norton, C. L., on X-Rays in Medicine and Surgery. [M 11. J 
Novak, v., and 0. Sulc on Absorptivity for Rontgen Rays. [A 3.1 
Novak, v., and 0. Sulc on Rontgen Rays. [B 59. J 



Occlusion in Crookes Tubes. M. Gouy. ( '. II., 122, pp. 775-776. 
1896. 1 

That portion of a Crookes tube which has been exposed to intense cathiMle 
ra«iiation becomes matt when heated, and when it is fused distinct bubbles 
l>tr^come visible. 

Opacity of Bone to Rontgen Rays produced by Mineral Constituents. 
J. CoRMACK and H. Ingle. Xaturcj vol. 58, p. 486. 1896. 2 

Opacity to X-Rays, J. Dewar pn. [D 6.] 

Opacity to X-Rays. 0. Zoth. WcuI. Ann., No. 6, 1896, vol. 58, 
pp. 844-856 ; also Nature, vol. 54, p. 285. 3 

A table of results obtained under given conditions. 

Opacity to X-Rays greater in the case of Hindoo's Hand than in 
that of a European. Col. A. T. Frasbr, R.E. Xatnir, 
vol. 54, p. 488. 4 

Opacity to Rontgen Rays, Law of. Marangoni. Attl de FAmei, 
No. 11, p 408. 1896. 5 

The opacity of a substance to the rays is not proportional to its density, nor 
to its atomic weight. The writer concludes that probably the opacities are 
proportional to this latter when the layers of the substance are very thin. 

Opacity of Liquids and Sohds to X-Rays. MM. Bleunard and 

Labessb. C. A\, 122, pp. 728-725. [See also T 21.] 6 

Opacities of solutions varies with concentration. A saturated solution is 

quite opaque. Opacity increases with the atomic weight of a metal or non* 

metal contained in a compound. 
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Opalescence and Diffusion witli Rontgen Rays. [D 10.] 

Opaque Bodies, Photograpliy through. Lumi(';re. [P 20.] 

Opaque Bodies, Photography through. D'Arsohval. [P 21.] 

Origin of X-Rays, J. Pkhbin. C. /;., 122,pp.71G717. 1806. tl 
Finds X-iays are ilevBlopeil withm the tube at any point on whiuli l^g 
c«thix]e rays impinge. 

Osterberg, Max : Rontgen Rays. [R GO.] 

■ Oadin, P. and A, Barth61emy on a Crookes Tuhe for use mth'1 

Alternating Currents. [C 20.] 

Ondin, P., and Desire, K., on Internal Rays. Kiir., vol. 3B, p. 481..] 

S 

Onmoff, N., and A. SamoilofF, on Electric Images in the Field of R I 
Hittorfs Tube. [1 1.] 

Owens, R. B., Effects of X-Raya on Tissues. [T 20.] 



orU, vol 27, 
1 i 



n X-Ray Investiga- 

; and A'i.'c., vol. 88,1 



Paleontology, Rontgen Raya in. [R 99.] 
Peckham, W. C, on X-Ray Experiments. 

p. ess. 

Peckham, W. C, on Rontgen Rays. [R 61.] 

llusions of, and their '. 
Jt-Haonac. (.'. /.'., Nov 
p. US. 

Permeability of Rontgen Rays. W. Ackbovd and H. B. Knowles. 
Pror. Phi/x. So,: (Lond.), vol. 14, p. 179. 3 

The authors found that aubatances of high molecular noight were more 
opaque lo X-rays thau those of low molecular weight. 

Perrin, J., on Discharge by Rontgen Rays— the Part Played by the , 
Surfaces acted upon. C. B., 124, p. 455. 1897. 

Perrin, J. : Function of the Dielectric in X-Ray Discharge 1 
Effects. [D IG.] 

Perrin, J., on Molecular Dissociation of Electricity by Rontgen Rays. • 

[M 18.] 

Perrin, J., on the Origin of X-Eays. [0 7.] 



( ^^ ) P 5-18 

Pfanndler, L., on Rontgen Rays. [R 62.] 

Pflaum, H. : A Crookes Apparatus. Hhr., vol. 86, p. 853. 5 

An account of curious changes observed to take place in the behaviour of a 
Crookes tube after long rests. 

Phenomena, Electric, of Rontgen Rays. [E 9.] . .^ 

Phenomena, Electrical, Produced by X-Rays. [B 28.] 
Phenomena, Rontgen. A. W. Godspeed. Sn'mce^ vol. 8, p. 895. 6 

Account of some early experiments in the laboratory of the ITniversity of 
Pennsylvania, and mentions the cane of a sensitive plate exposed there on 
Feb. 22, 1890, to the discharge from a Crookes tube, showing in the 
resulting negative two black discs, the appearance of which was never 
satisfactorily explained till Hontoen's discovery gave the clue. An illustra- 
tion from this plate is given. 

Phillips, C. E. S., Transparency of Coal Gas Flame to X-Rays. 
Klec.y vol. 86, p. 559. 7 

Description of experiments to show that coal gas flame is transparent to 
X-rays. A poor source of rays was used. 

Phosphorescence and X-Rays in Geissler Tubes. F. Campanile and 
E. Stromei. Kler. Hcv. (Lond.), vol. 88, p. 718. 8 

Phosphorescence and Rontgen Rays. F. Campanile and E. Stromei. 
N. Cim., 4-8, pp. 229-280. 1896. 9 

The writer describes a method of changing the conditions within a Crookes 
tube so as to produce the Crookes or Rontgen effects at will. 

Phosphorescence of Zinc Sulphide in Crookes Tube. C. Henry 
and G. Seguy. C\ II,, 122, pp. 1,198-1,199. 1896. 10 

Phosphorescent Light. G. H. Nibwenglowski. C, 7i., 122, pp. 
885-886. 1896. 11 

Phosphorescent Zinc Snlphide and Rontgen Ray Photography. 

[P 24.] 

Photo-Electric Effect of Cathode Rays, Residual. [B 22.] 

Photographs with Rontgen Rays. E. Goldstein. BerL Ber,, 80, 
pp. 667-672. 1896. 12 

Interesting to biologists and botanists, radiographs of shells, kc. 

Photographic Action of Cathode Rays. Battelli. [B 9.] 

Photographic Action and Electric Discharge produced by Rontgen 
Rays. Donati. [E 5.] 

Photographic Action of Rontgen Rays. L. N. VANDEVY^^ER. tJour, 

de Phyn,, 6, pp. 28-25. 1897. 13 

The writer found that the necessary exposure varied as the cube of the 

thickness of the object, and it also varies with the distance between the tube 

and the sensitive plate. 

F 
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Photographic Fihna, Colaon, R., on. [C 18.] 

Photographic ReseBxches on Routgea Rays. A. and L. Lchi&re. 

C. 1!., 122, pp. 382-S88. 1800. 14 

'riie writers <Ieacrib« a number of €Xperimei!t» illuntratm^ the fact that 

platoB BpeniBlly prepared for certain colours are of uo advantage for use with 

Photo grapliing the Invisible. Cn. dk Villedeuil. La Xat,, 
No. 1,217, p. 267. 16 

All account of a methoil of pliotngrapliinE tlie cliniigps in the corona of 
the 9un and also of eiperimenta with X.rays. 

Photography, Cathode. [C 2.] 

Photography within Crookea Tnbe. H. PoracABfc. C. 77., 122, 
p. 881. 189G. [See also M 15.] 16* 

The writer quggeat^ that tlie experiments of M. Metx upon thin subject dtt 
not prove that cathode rajs have the projiertiea uf Runtgen ntja, for CberS 
may have been tmnsformation uf the cathode raya into Riintgen raya opott 
impnot witli the sensitive plate covering. 



Photography, Dark Light, 
p. 119. 



C. J. Eeed. 7'.7<r, 



W..rltl, vol. 27, 
IT 



Photography by Heat Rays, A suggestion. G. R. Coubtenay. 
Niitiin; vol. C3, p. 579. 18' 

Photography, New Electro. Elec. liei: (Loud.), vol. 88, p. 97. 1ft 

Ad account of the Krat experimsnU with X-mya made by Mr. A. A. 0. 

SWINTDN. 

Photography throngh Opaque Bodies. A. anil L. LrMif;RK. C. B.^ 
122, pp. 4G3.4C5. 18%. 20 

Photography through Opaqae Bodies. A. D'Aksonval. C R., 

122, pp. 500-COl. 1896. 21 

The writer discusses the difficulty of repeating Le Bon's )eault« (Hee B 2S),. 

and poiiiLH out eome interesting modidcation which he has fuuod it nccegsary 

to employ. 

Photography of ReUef of Medals by Rontgen Rays. J. Carpestibb. 
C. /;., 122, pp. 52G-G27. 189G, 22 



Photography, X-Ray. MM. Briss.vud ; 
No. 1,214, p. 219. 

Account of succeasfullj pliotographing a bullet 



nd LoND 
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Photography by Rontgen Rays with Phosphorescent Zinc Sulphide. 
C. IIenrv. C. 1!., 122, pp. 312-;-)l.l. 189G. 24 

photography, Rontgen, Reduction of Exposure in. [R 11.] 



( -in ) 
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. ANriBKOLI, ]-:lir. Ilrl 



{Lond.), 
25 



Wud.l, vol. ! 



Photography with X-Rays. 
vol. 38, p. GO-1. 

A ])racdcal atcounC of simplo of work. 

Photography in Vacuo. Jos. OorTiEn. 

p. 592. [See also B 9.] 36 

A rebuttal of evidence Lbat Henailivc (jlBtca lose their aeiiBitirenoBS in vacuo, 
and aBaiiwt the idea of Btilarizatiun during tlic ahurt eiposure neoeaatry. 

Photometer for Ebntgen Rays. [E 100.] 
Photometry of X-Eays. [R 26.] 

Physical Phenomena of X-Rays. CLestebLbonard, KIit. Tf'^rW, 
vol. 2H, p. GH7. 27 

Paper read hefore American Philosophical Sociely, Nov. 20, 1B96. 

Physiology and Radiography. [R C] 

PiltachikofF, N., on Emission of X-Rays. [E 19.] 

Piltschikofl, N., on Rontgen Rays and an Electrostatic Condenser. 

[H 91.J 
Plants, Germinating, Effect of X-Rays on, II.Webbeb. Kin-. 1!,-i: 
(Lond.), vol. 29, p. 37; also Mnuv, vol. 3, p. 919. 28 

The author does not find any heliotropiu curvature of plants produced, but 
complaiuB of inability to expoae tUem to tbe X-rays for a longer period than 
30 ininutea, »wing to heating of the tube. He retera to n Paper read befora 
the German Botanical Society hy A. SfHOHBH. 

Poincare, H., on Photographic Action within Crookes Tube. [P 16.] 

Polarise X-Rays, Attempts to. Dr. Macintyre. I'lvc. Unij. Sur. 
(Ediu.), vol. 21, p. 144. 29 

With entirely negative results. 

Polarisation of Rontgen Rays. A. Maykr. Khr, W,irhl, vol. 27, 
p. 50S. [See also T 9.J 30 

The iiuthur Ends them uupuhirimvlile even with herapathite, by far the nioHt 
powerful pilariaer known. 



Polarised Fluorescence. 
4r>4. 1896. 



Jr,-hl. Aii»., 58, pp. 417- 



Ponderable Matter, Rontgen Rays Traversing. [R 115.] 

Porter, T. C, Rontgen Ray Experiments. Xatmr, vol. 54, p. 149. 
[See B 18 ; also Nabiiv, vol. 54, p. 226.] 32 

The author describee aoiue experiments iu which he found that, when using 
an IGin. Wimahurot machine, X-rays were omitted or not, according aa a bruah 
diacbarge occurred on the wire leading to itie anode. This led to varying the 
stalic BonditiouB of the t(lasn of Ihe tube. The author placed a ring of cupper 
wire round the tube, and in the plaue of the cathode mirror's edge, but not 
touching the glass, and then cauaed very rapid dimihargea liy having an earthed 
wire oluse to the ring. This greatly increaaed tbe fluorescence upon a suitable 



Porter, T. C. : X-Rays with a Wimshurst Machine. Xaime, vol. 55, 

p. 80. [Bee also M H.] 33 

The author employed a. Wimehurst muchiae for X-rsy work, and detected 

the presence of raya to which bone ia IranspBraut, also other rajB to which 

wood is tranB|>areut but flesh opiLque, 

Precicna Stones, Action of X-Rays on. A. Bdokt and A. Gascard. 
C\ 7,'., 13a, p. 726. 1H96. 34 

Compaundfl of alumina and aleo penrla were fouml more tranHpBreiit to the 
reya than were their imilutiiiUB. 

Prodnction of Silhouettes by Rontgen Rays. C- V. Zenoer. C. Jl., 
122, pp. 466-457. 189C. 35 

The writer esprexaes doubt as to the eiiatetice of X-raja. 

Properties of X-Rays. H. Dufoue. C. J!., 122, pp. 460-461. 
1896. 36 

DeacriptiTe of diachai^e efFects. 

Properties of X-Rays. B. Galitzise and A 
C. /■'., 122, pp. 717-718. I89G. 
The writei*s found that two pieces of tourmaline were 
X-raya when crossed and thus got evidence of polarisation. 



MM. Bbnoist and Hurmijzescu. 



Properties, New, of X-Rays. 
C.l!., Feb. 3, 189C, p. "" 

The writsra found that X-raya 
rapidly for negative than for posi 

Pulmonic Affections and X-Rays. [R 103.] 

Puloj, J., Account of Experiments by. 
p. 157. 

Puluj, J.p on Cathode Rays. /'j-«r, l'/<i/«. Soi-. (Load.), vol. 14, 1 
p. 178. 40 1 

The writer conaiders that the particles of matter torn from the cathode, . 1 
which convey electrostatic charges by impact on the glass wall or on screeni, j 
equaliae their charges, and in thia proceas call forth a disturbance of the fl 
material molecules and also of their ether envelopee. Each portiou bombarded j 
by the cathode stream becomes the starting poiut of ether wares, whieli, j 
accordiuK to their oscillation period and character, are either risible n^.t] 
(phoHphoreaoence) or invisible Hoatgen rays. The oscillations of the in 
rays may tabe a longiiudinal direction, but at present no convincing u 
has been adduced to support thia view. 

Puluj, J., on Rontgen Rays. [R G3 and 64.] 

Pump, Air, KaMbaum's, [K 1.] 

Pump, Air. [A 9, B 19, P 41.] 

Pump, The Berrenberg Mechanical Air. [B 19.] 
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Pomp, Dnplex Mercurial Air. R. W. Wood. Phil, Ma(f., vol. 41, 
p. 878. 41 

Pump, The "Geryk" Air: A Mechanical Pump. Klec Kinj. 
(Lond.), Feb. 1, 1895; also Chemmd Trailes Jonnudy April 
14, 1894. 42 

Pupin, M. J., on Diffusive Reflection of Rontgen Rays. Sciem-e^ 
vol. 8, p. 688. 43 

The writer arrived at the conclusion that regular reflection does not take 
place, but that there is an effect which he calls diffusive reflection. 

Pupin, M. J., on Rontgen Rays. Science ^ vol. 8, p. 281. H 

The writer draws a comparison l)etween cathode and liontgen rays, and 
gives an outline of the work of Crookes, Lenabd, Hbrtz, &c., with details 
and illustrations of some results obtained by the writer with Kiintgen rays. 



Q 

Quantitative Determination of Rontgen Rays. J. J. Thomson. 
EUc, vol. 86, p. 469. [T 15.] 1 



R 

Radiations from Crookes Tube, Heterogenity of. [H 8.] 

Radiation, Invisible. Experiments by H. Begqukrel and G. 
Sagnac. Jour, (k Phija., 6, pp. 198-202. 1896. 1 

M. Becquerel finds tliat the radiations from phosphorescent sulphide of 
zinc, calcium, or salts of uranium, differ in their properties from X-rays. The 
radiations, however, discharge charged conductors, but less promptly than 
Rontgen rays. Water and most metallic solutions are transparent to these 
rays. Metals are more transparent to the rays than to Rontgen rays, so also 
is quartz. The radiations are heterogeneous, they can be reflected, refracted 
and polarised, and are therefore probably light waves of small wave length. 

Radiation from Metallic Uranium. [B 18.] 

Radiation, The New. Editorial Article. Klec, vol. 86, p. 448. 2 

Radiation, The New. [W 1.] 

Radiation, A New Form of. [E 27.] 

The second paper read by Prof. Rontgen before the Physico-Medical Society 
at Wiirzburg. 

Radiation, New Form of. W.K. Rontgen. ^;Z^<'.,vo1. 86, p.415. 3 

A translation of the full text of Prof. Rontoen's original paper read before 
the Wiirzburg Physico-Medical Society, in which he describes the exi>eriments 
wluch led to his discovery of X-rays. 



Radiography. F. H. Vaulbv. lUit. 


■Id. 


,f rh'.i., vol. 43, 


p. 282. 




4 


A Ihoughtful scries af auggeatiuua fnr espan 




u ikiermine tbo cause 


of the photographic cB'ecla ut lliintgBn riijB. 







Radiography, Notes on. [E 3.] 

Badiography in Practice. G. W. Webster, Brit. Jnl. of Phot, i 
Almimai; IH97, p. 641. [See aho Brit. Jnl. of Phot., 
vol. 43, p. 275 and 292.] 5 ■] 

An BTtide giving simple practical ins 

Radiography in Physiology. A. Imbert and H. Bertin-Saks. , 
r.n., 122, pp. 997-99tt. 1896. 6l 

The writers have obtained photoa througii the ahouhlor, turauB, and tlw ] 
abdomen. They discasa the physiological value of audi reeulte. 

Radiography, Progress in. [L 15.] 

Radiography. E. Hospitalier. La Xul., Ko. 1,1H4, p. 15i 



Deecriptioii of auitalile appi 

Radiography, Stereoscopic. [S 26.] 



rep&iting I'rof. Hunthen's results. 



Radiometer, Action of Rijntgen Rays on. [F 16.] 

Radiquet, M., on Fluorescence of Vitrified Materials under the J 

Action oi X-Rays. [F 8.] 

Ranwez, F„ on Rijntgen Rays and Adulteration. [A 8.] 

Ravean, C, on Rontgen Rays. [R 65.] 

Rays, Becquerel. [B 12,] 

Rays, Becquerel. A. F. McKissick. [B 11.] 

Rays of Lenard and Rontgen, 0. Lodge on. !-:iei:, vol. 36i*fl 
p. 438. 9 f 

Rays, Rontgen and Lenard, Resemblance between. 7-,Vcc., vol. 8S, 
p. S99. 10 

Recent Work with Rontgen Rays. [K 107.] 

Reducing Exposure in Rontgen Photographs. G. SIeslin. C. fl., 
122, p. 719. 1896, 11 \ 

A iiisgnel waa employed to ooncentrate the cathode beam. 



Reducing Exposure in Rontgen Photography, 
122, p, 720. 1896. 
Use of Uuoret^cent bodiea in contact nith the 




Babhewski 



( 39 ) R 13-21 

Reed, C. J., Dark Light Photography. Kiev. World, vol. 27., 
p. 119. 13 

Reflection of Cathode Rays. [C 8.] 

Reflection of Rontgen Rays. Lord Blythswogd. Pmr, liny. Snr, 
(Lond.), vol. 59, pp. 880-832. [See also Mature , vol. 54, 
p. 12.] 14 

Reflection, Diffusive, of X-Rays. [P 48.] 

Reflection of Rontgen Rays. R. Malagoli and C. Bonacini. Ilend, 
Ace. lAnc., 5, 1, pp. 827-881. 1896. 15 

Reflection of Rontgen Rays. [D 5.] 

Reflection of X-Rays. 0. Rood. A7rr. World, vol. 27, p. 508. 

16 

Extract of paper read before Acad. Nat. Science, April 23, 1896, and is an 
account of experiments showing reiiectiou to a certain extent. 

Reflection of X-Rays. [F 18.] 

Refraction of Rontgen Rays. F. Beaulaiid. r. 7/., 122, p. 782. 
1896. 17 

Experiments in a vacuum with ebonite prism ; no definite results. 

Refraction of Rontgen Rays. F. Bbaulard. C. //., 123, pp. 801- 
802. 1896. 18 

Theoretical details. 

Refraction of Rontgen Rays. [G 8.] 

Refraction of X-Rays. M.Gouy. C.7i'., 128, pp. 43-44. 1896.19 

Regulation of Rontgen Ray Tubes. [T 30.] 

Reid, Dr. : Action of X-Rays on Skin Tissues. [S 11.] 

Relation between the Chemical Nature of Bodies and their Opacity 
to X-Rays. M. Meslans. C. 7.\, 122, pp. 309-311. 1896. 20 

The writer found that the introduction of any mineral element into an 
organic molecule caused the body to become opaque to the rays. 

Remy, M,, on Medical Application of Rontgen Rays. [R 98.] 

Report of Rontgen Ray Work at British Association Meeting, 1896. 
rivotoijraphy, vol. 8, p. 622. [See also B 28.] 21 

Repulsive Action of one Cathode Beam of Rays upon another. 

[0 7.] 

Researches, Photographic, on Rontgen Rays. [P 14.] 



R 22-26 
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EesiJual Photo-Electric Effect of Cathode Bays. J. Elstks and 

H. (lEiiEL. Wn<l. Aim., vol. 69B, pp. 4S7-49G, IbOC: alfiO 

/a«^„ vol.38, p. lya. 1896. 

Tbe authon deecriba experiiueiits made in order to le»l the phi. ._ 

propeniea of vaHuui oalU afler their atinnjUtiun b; X-rajs. llie apparatoi 

wa* illuslrateil in The t'leclridan ut above dale. Ver; marked result! were 

obtainvil. 

ResistaDce, Increase of, in Focus Tube. [S 41.1 

Richarz, Franz : Action of Rontgen Rays on Steam. "S 25.]. 

Righi, A., on Electric Phenomena prodnced by XBays. Klff., 
vol. SG, p. 5.52. 23 

Dei>uri|>ticin of eijierimeulu relating to thf diicbiiirgiag o( cfaarged bodies by 
meviin i>( X-raye. He aaja : "The X-raya, unlike ultra-riolot liglit rays, cauee 
diipernioD aim frum poaidvel; electrilied budiea." He olsu obserred that 
X-rays obsr^ poaitivGly an uuelectriGed baly. Original paper, Proc. ot the 
R. Acadeiiiift delie Scienze dcll'IsUtuto di Bologna, 1B96. 

Righi, A. : Experiments with Rontgen Rays, A Note. I'lu't. Matt., 
vol. 42, p. 530. 24 

Righi, A. : Tubes for producing X-Rays. /-,7. r., vol. .57, p. G75. 25 

Righi, A., on Convection of Electricity produced by Rontgen B^e. 

(C 18.] 

Righi, A., on Electric Charging by Rontgen Rays. [R b9.] 

Righi, A.| on Electrical Dispersion prodnced by Rontgen Rays. 

[E 0.1 

Righi, A., on Electric Effects of X-Rays. [E 7.] 

Righi, A., on Electric Phenomena of Rontgen Rajs. [E 9.] 

Righi, A,, on Rontgen Rays. [E 6C.] 

Righi, A., on Transport of Electricity by Rontgen Rays. [It 114.] 

Robinet, Jules, and Ferret, Aug., on Electrograpby. [E 16.J 

R6iti, A.: Photometry of X-Bays. Atti 'lA I.iwei, vol. 292, 

•July, 1896; also r/.Mt/iViVrt, No. 9, 1896; AVfc, Tol. 87, 

p. 670 ; and Nat<„r, vol. 54, p. 111. 26 

MethodB of toniparing the intenaity ot X-ray eourvKB. He points out that 

a epai'k between the coil and the anode increased the peoelTatire poner of the 

rays [ta to tbii aec P 32.) He b1>o obtained photD« from a merc:ury uiode. 

The raya appeared to proceed from the mercury aurfaue. 

E6iti, A., on Ciyptochroism. [C 28.] 

R6iU, A., on DnraUon of Emission of X-Re^b. [B 86.; 
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R6iti, A., on Point of Emission of Rontgen Rays. [E 101.] 

R6iti, A., on Rontgen Rays. [R 67, 68 and 69.] ^ 

Rontgen, Wilhelm Konrad: Original Paper announcing his Dis- 
covery (translation of). Kiev,, vol. 86, p. 415. [B 8.] 

Rontgen, W. K., on a New Form of Radiation. A Paper read 
before the Physico-Medical Society of Wiirzburg. Trans, in 
FAec, vol. 36, p. 850. 27 

This is Prof. Rontgen's second commu7ii cation upon the subject, and deals 
largely with the discharging and charging effects of the rays. He de8cril>e8 an 
experiment in which air that had had X-rays pa<-sed through it is shown to have 
the property of discharging a positively or negatively charged body brought 
into contact with it. 

Rontgen, W. K., Honours for. A7(r. Eev. (Lond.), vol. 88, p. 445 ; 
also p. 544. 28 

Rontgen's Discovery. J. Stokes. Am. Ann. of Plmty 1897, 
p. 187. 29 

Brief outline of Prof. Romtubn's life and work and general remarks on his 
discovery. 

Rontgen Lamp, New (Siemens and Halske). [L 1.] 

Rontgen Phenomena. A. W. Godspeed. [P 6.] 

Rontgen Photography, Exposure in. [E 21.] 

Rontgen Radiation, Experiments with. E. Threlfall and J. A. 
Pollock. Proc. Phys. Soc. (Lond.), vol. 15, p. 1. 30 

The authors notice that the discharge between two electrodes of aluminium 
wire 1cm. apart, passed more easily in one direction than the other. This 
condition was found to depend u])on a certain degree of vacuum, so that it 
could be used to detect very minute alterations in the rarefaction. X-rays 
were made to enter such a tube in order to ascertain whether any change of 
vacuum could be observed which would tend to support the charge particle 
theory of the X-rays, No such result was observed. The authors speak of 
the sensitivity of selenium to X-rays. 

Rontgen Rays. A. Battelli. [B 9.] 

Rontgen Rays. A. Battelli and A. Garbasso. [B 10.] 

Rontgen Rays. V. Chabaud. C. 7/., 122, pp. 287-238. 1896. 31 

The writer found that mercury 1mm. thick was opaque to the rays. 

Rontgen Rays. J. T.Chabot. TE'rZw/;-. /VZ(r.,vol.7,pp.67-68. 82 

Experiments which showed that glass after exposure to X-rays is capable of 
effecting a photographic film. 



R 33-43 ( 

Rontgen Rays. C. Doeltkr. 

p. im 

Tlie writcr 
(tcanaparenL) 
(opaijoe). 



Zfit., Bepertor, 20. I?J| 

115111). 

jiropo«e) ft (uile of lraii8p»reocy /or mioermlis thus : diw 
coruDdum. talc, quarte. rock-mil. calt^par, i.erHdi 



Rays. A. E. DoLBEdB. /'.i.r. ll'-^/W, vol.27,p. 147. 3*™ 

TLe author wrote in April. 1894 : " II is actu^f poe'ible to take a pholograpb 
of an oliject ID absolute darkneBi with ether waveaget u|> hy working ao eleclrie 
uiAchine." Ueconsidera theKiiutgeo effectisaiiuestioDotetherwaveleagtlioulj. 

Rontgen's X-Rays. Editorial summary of work. 1 
(Lond.], vol. SB, p. 402. 

Rontgen Rays. G. Fa6. X. Vim., 4, 3, p. 191. 1896. 

The ivriter emplorecl a magnet to I'uniieutrate the vatlioJe rajd sod thn 
got a mora powerful source of X-raja. 



Rontgen Rays. J. Frentzl. f 'lu-in. J 

FrentKl found no X-ra;a in the clectriD ai 



,17, p. 151. 1896. 31S 



Rontgen Rays. B. Galitzine and A. de Eabnojitzky. Aratl. ImpM 
<U-x Sri. {St. Petersburg), S, No. 6, pp. 1-13. 1H96. S 

Investigatioiia as to the stnirce of the raya ; altempta to polarise the rt_ 
failed iu the caee of urdjoary tourmaline, but tritli thin brown tourmalina ll 
Blight effcot was obtained, showing evidence that the rays are Iraoaverse el' 
vibrationa, and of the nature of light. 

Rontgen Rays. A. Gabbabso. ,Y. Clm., 4, 4, pp. 24-29. 



Uoreaciiig sc 



ays. F. GiAZZi. ,V. Cii»., 4, 3, pp. 235-236. 1897J 

e describea a way of prepaiiug tungstate of calcium for ii 



Rontgen Rays. Ck. GniLLAnuE. C. R., 123, pp. 450-4SI 
1896. 

Some mathematical deductions on the aaaumption that the ioteoaity of tlj 
Riiutgen radiation i» proportional to the iuteaeiCy of the cathode rsya w" ' 



1 Rays. Cu. Guillaume. La Xat., No. 1,211, p. : 
A general rcaum^ of work. 

Rontgen Rays. Ch. Guillaujie. La Nat., No. 1,202, p. 

Iltuatrated account of beet funna of tubea for X-raya, with account q 
experiments to show that in a locus tube the anti-cathode should be chai] ' 
iw poaitivc AH poauible to get good X-ray emisaiau. The article contaioa « 
intereatinf: illuHtrationB of ah^-atructure shown by X-rayn. 
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Rontgen Rays. C. Henry. (\ //., 122, pp. 787-790. 1896. M 

Speculatious as to the origin and relation of Koutgeu rays to cathode rays. 

Rontgen Rays. C. Henry. C. //., 128, pp. 450-451. 1896. 45 

Experiments with fluorescent bodies. 

Rontgen Rays. A. Heydweiller. CVwm. Zri«., 58, p. 521. 1896. 

46 

Rontgen rays discharge electrically-charged bodies most actively when the 
angle of incidence is almost a grazing one, a property which is also shared by 
ultra-violet light. 

Rontgen Rays. W. Holtz. WinL Ann., 57, pp. 462-468. 1896. 

47 

Rontgen Rays. M. Hurion and M. Izarn. C. 11. , 122, pp. 1,195- 
1,197. 1896. 48 

Refraction experiments with aluminium prism. 

Rontgen Rays. W. Konig. Ver. P/iys. Gcs. (Berlin), 15, 
pp. 74-76. 1896. 49 

Details of apparatus. 

Rontgen Rays. S. Lussana and M. Cinelli. N. ('/;//., 4, 8, 
pp. 864-868. 1896. 50 

Confirms Righi's results as to the positive residual charge after exposure to 
X-rays. 

Rontgen Rays. C. MALTfezos. (J. //., 122, pp. 1,474-1,476. 
1896. 51 

Theoretical considerations as to X-rays being transverse ether vibrations, 
and if so what properties they may be expected to possess. The writer 
mentions Bbcquerbl's radiations as being probably hyper-ultra violet trans- 
verse vibrations. 

Rontgen Rays. C. MaltAzos. C. A'., 122, pp. 1,588-1,584. 
1896. 52 

Assuming \=0 for X-rays, the law of propagation is the same as that for 
heat in a long bar, and the writer deduces that these radiations may be there- 
fore of the nature of a particular magnetic flux. 

Rontgen Rays. G. Martinotti. X. Cim., 4, 8, pp. 205 208. 
1896. 53 

The writer professes to be able to obtain Rontgen effects by two hours* 
exposure to the flame of burning sulphur, or that of bisulphide of carbon 
burned in a spirit lamp. 

Rontgen Rays. C. Maurain. VKvlair. Kiev., 7, p. 549. 
1896. 54 

Daguerreotype plates were not affected by Rontgen rays. 

Rontgen Rays. R. Mauritius. Weld. Ann., 59, pp. 840-849. 
1896. 55 

Experiments with shadows cast by the X-rays. 
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Rontgen Rays, 0. Muller. WcitL Ann., 58, pp. 771-774. 
1896. 66 

The rays seem to ro round an oimiiuc luetalliu object, carrying with them 
the Hhadow of a metal wire grating, if there be a sufficient reach of air in 
which they may 8])read. 

Rontgen Rays. F. Neesen. IVr. Phj/s. Gck. (Berlin), 16, pp. 
H082. 1896. 57 

The writer describeR an exi>erimental tube from which the rays m% made tu 
pass out through a window of pig's bladder. The air pump had to be kept in 
continual action. 

Rontgen Rays. Neuhauss. [N 1.] 

Rontgen Rays. S. Nodon. C. //., 122, p. 287. 1896. 58 

l^e writer finds that black i)a})er protects a sensitive plate from the rays of 
an electric arc, but not from X-rays. 

V 

Rontgen Rays. V. Novak and 0. Sulc. Chem, Zeit.y Beperiior, 
20, 17, p. 177. 1896. 59 

Experiments to show the opacity of various substances to X-rays. 
Precious stones can be tested by the rays. 

Rontgen Rays. Max Osterbbrg. Kiev. Worltf, yoI. 27 ,^.882. 60 

Notes of a lecture in which it is stated that the vacuum of a Crookes tube 
is not increased with use if external electrodes only arc used, and records ex- 
periments to show tliat apparent llontgen effects obtained by sunlight are 
really due to filtration of light through the covering bodies. 

Rontgen Rays. W. Peckham. J^lec Wmld^ vol. 27, p. 683' 
1896. 61 

Fluorescent effects and general discussion as to the electrical condition of 
the tube. 

Rontgen Rays. L. Pfaundlbr. Wien, JJer.y 105, 1, part 2, 
pp. 112-116. 1896. 62 

Practical hints. 

Rontgen Rays. J. Puluj. Wini. JJei\, 105, 2-4, part 2a, 
pp. 228-288. 1896. 68 

Experiments as the origin of the rays. 

Rontgen Rays. J. Puluj. Wien. IJer., 105, 2-4, part 2a, 
pp. 248-245. 1896. 64 

Rontgen rays from a mica anti-cathode. 

Rontgen Rays. M. J. Pupin. [P 44.] 

Rontgen Rays. C. Ravbau. VKdair, Kiev., 6, pp. 249-250. 1896. 

Theoretical discussion as to their nature. Qg 

Rontgen Rays. A. Righi. C. 11., 128, pp. 899-400. 1896. 66 
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Rontgen Rays. A. Rom. IlemL Ace. Line, 5, 1, pp. 156-162. 
1896. 67 

Rontgen Rays. A.R6iti. X r'/m.,4,4,pp. 173-180. 1896. 68 

Experiments with particular formR of tubes are described. Cathode rays 
produce X-rays when they strike liquids, not when they encounter gases. They 
decompose sulphuric acid forming SO.2 and oxygen. 

Rontgen Rays. A.R61T1. .Y. (7m., 4, 4, pp. 232-234. 1896. 69 

Experiments with the cryptochrose, analagous to photometrical measure- 
ments of light, according to the three-colour method. The writer came to the 
conclusion that Rontgen rays are not of a homogeneous character even when 
they have the same source, and that many rays having different penetrative 
powers are always present. 

Rontgen Rays. E. Salvioni. [S 2.] 

Rontgen Rays. A. Sandrucci. N, Cim,, 4, 3, pp. 353-869. 
1896. 70 

The writer discusses whether X-rays produce photographic effects upon the 
sensitive film directly, or through the medium of the fluorescence of the glass 
plate. 

Rontgen Rays. A. Schuster. [S 5.] 

Rontgen Rays. Sir G. Stokes. [S 28 and 29.] 

Rontgen Rays, The, J. J. Thomson on. Xature, vol. 54, 
p. 302. 71 

Report of the " Rede " Lecture at Cambridge University. 

Rontgen Rays. J. J. Thomson. [T 16.] 

Rontgen Rays. G. Vicentini and G. Pacher. [V 2.] 

Rontgen Rays. E.Villari. ('.7/., 123, pp. 418-421. 1896. 72 

Rontgen Rays. E.Villari. f. 7A, 123, pp. 446-449. 1896. 73 

Rontgen Rays. E. Villari. Jhmd. Arc. Sd. Fis. e Mat. (Naples), 
Feb. 15, 1896. 74 

The writer employed a thermopile to detect any heating effect from the 
Crookes tube. It was also found that Rontgen rays can be reflected from zinc, 
but not ^om glass, vulcanite, or aluminium. 

Rontgen Rays. E.Villari. C. //., 123, pp. 107-109. 1896. 75 

Discharge experiments. 

Rontgen Rays. E.Villari. 7iVm/.^rr.L???r., 5,2, p.93. 1896. 76 

Air which has been excited by X-rays possessed the pro])erty of discharging 
electrified bodies. 

Rontgen Rays. E. Villari. [V 4.] 
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Rontgen Rays. A. WiNKei.scANN and R. St8adrei_ ./■|'7iai*r*^ 
/..-it.f. Sat., vol. 30, 1896. 

IF lliiDlgiM} rafb Lriiverse glun, then a (enaitive Elm. anrl uttinialelyfkll upon 
fluorBpar, the film U ilTected say 100 time* aa rapidly where the SuorHpn' ia 
than elsewhere. 

Rontgen Rays, Absorptivity for. [A3.i 
Rontgen Rays, Action of, on Bacteria. ^B 2.] 
Rontgen Rays, Action of, on Electric Spark, fE 8.] 
Rontgen Rays, Action of, on Radiometer, [F 16.] 
Rontgen Rays, Action of, on Skin Tissues. I"S 11 and 12. 
Biintgen Rays, Action of, on Steam. \ S 2S.] 
Rontgen Rays and Adnlteration, A 8.] 
Rontgen Ray Apparatus. 

All accouDt of variuue methf 
reference tn pliut^graphing intei 

Rijntgen Rays, Apparatus for Producing. [A 15.] 
■I, W. G»- 



. vol. S9, p. 678. 1896. 781 

trui^tini; X-nij tubes, wilh special'l 

if the body (BBogr»ph»). 



Rontgen Rays : Are they Polarised ? 
vol. 54, p. 172. 1H9S. 

Rontgen Rays and Bacteria. [B 3.] 

Eontgen Rays and Becquerel Rays Proiroke Thermo-Luminescence. I 

[B 27.J 

Rontgen Rays from Brush Discharge. G. Mobrati. 
pp. 228 239. 189G. 
Experiments of tlie nature of tlione maile by Liird Blv 
Qaly with an induction coil. The writer wiu not aucfeatful in repeating hi 
reaulta with a Wimshurat macliine. 

Rontgen Rays and Cathode Rays. W. Aksold. [C 9.] 

Rontgen Rays and Consumption. [C 16.] 

Rontgen Rays and Consumption. L. Bouch.uid. [C 17.] 

Rontgen Rays, Convection of Electricity Produced by. [C 18.] 

Rontgeii Rays and Dermatitis. [D 4.J 

Rontgen Rays Destroy Tuberculosis. [T 96.] 

tltntgen Rays, Diffraction of, ]?unof.thi.\no. I'Kilair 

.,.. 165-107. 1896. 
kjndelnite results. 



Eontgen Rays, Diffraction of, L. Calmette and G. T. Lhuillieg. 

[D9.] 

Rontgen Rays, Diffusive Reflection of. [P -IS.] 

Rontgen Raya, Diffusion of. A. IivtBERr and H, Bertin-Sanb. 
[D 11.] 

Rontgen Raya, Discharge by. E. Villaki. N, Cim., 4, i, 

p. 170-173. 1896. 82 

The writer found tluit the order in which the foUowing vapours or goaes moat 

readil; permit discharge in : hyilrogen, coal gas, air, (barbae auhydride, etiier 

vapour and biaulphide of oajboii vapour. 

Rontgen Rays, Diacharge by, E. Villari. [D 17.] 

Rontgen Rays, Diacharge by, in Solid, Liquid and Gaseous Media. 
E. Villari. l!ri!<l. An: Sri. FU. .' Mat. (Naples), 2, C and 
7, p. 214. lf)9(>. 83 

Rontgen Rays, Discharge of, by Electric Sparks. E. Villari. 
[D 18.] 

Rontgen Rays, Discharge by Means of. [D 16.] 



-V. n.u: (N.Y.), 

84 

.it the heart and its 



Rontgen Rays and Disease of the Heart. /-. 
Dec. 30, 1896. 
A hrist lieaoriptiun witli illtiBtrfttiou of the appearance 
BctioDS as Been b; the aid of Kcintgen taj^, 

Rontgen Rays and Dry Plates. J. M. Edeh and E. V.u.enta, 
J'l,',t.>. C"n:, 33, p. 218. 1896. 85 

Nn ndvantage to use orthocUroraatic plates. Hentiiig the film to 50"C, 
Bhorteued tlie exposure. 

Rontgen Bays, Duration of Emission of. A. Ei'mi. Hcml. Jn: 
Line, 5, 1, pp. 243-245. 189C. 86 

Rontgen Rays, Effect of, on Contact Electricity of Metals. 

J. Eeskine Murray. rrnr. Roy. Hoc. (Lond.), vol, 59, 

p. 333. 87 

The author found that the contact potential 

lie between the Burfacea of the platea waa com 

formed a connection betneeu the platea, and st 



las not clianged, but that the 
-ted into an electrolyte which 
educed the potential. 



Rontgen Rays, Effects of, on Germinating Plants. [? 28.] 

Rontgen Raya, Effect of, on Higher Animals. [A 12.] 

Rontgen Rays, Effect of, on Electric Discharge and Photograpliic 
Action. [E 5.] 
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Rontgen Rs^s, Effects on Electrified Bodies. [B 10.] 

Rontgen Rays, Effect of, on Parafl&n in Respect of Electric Con- 
ductance. Lord Kelmn, Drs. Beattie and de Smolan. 
J':irr,, vol. 88, p. 401. 88 

A aerie* i)f teats showing that paraffin is not made conductive when acted 

upon by Kuntgen ray 8. 

Rontgen Rays and Electric Charges. [£ 4.j 

Rontgen Rays, Electric Charging by. A. Righi. r. /;., 122, 
pp. 878-880. 189G. 89 

Rontgen Rays, Electric Phenomena of. [E 9.] 

Rontgen Rays, Electrical Discharge by Means of. J. J. Thohsok. 
T 12.1 

Rontgen Rays, Electrical Dispersion Produced by. A. Biohi. 
E G. 

Rontgen Rays. /Her. Hrv, (Lend.), vol. 88, p. 591. 90 

Description of the tubes used by Prof. S. P. Thompson, with an account of 
the stages of exhaustion of them and the accompanying phenomena. Also 
oliservations by Mr. Ackhotd and 3[r. H. B. Knovvles on the effect of colour 
on the passage of X-rays. 

Rontgen Rays, Electrification of Air by. [K 8.] 

Rontgen Rays, Electrified. A. Lafay. [E 11, 12 and 18.] 

Rontgen Rays, Electro-Chemical Action of. [E 14.] 

Rontgen Rays and an Electrostatic Condenser. N. Piltschikoff 
CJl,, 122, p. 839-840. 1896. 91 

In a thin electrostatic field, Itetween charged i>araffin and a sine plate put 
to earth, l^'3ntgen rays have no discharging effect. 

Rontgen Rays, Emission of, by a Tube containing Flaoresdng 
Matter. [E 19.j 

Rontgen Rays, Energy of. J. Trowbridge. [T 26.] 

Rontgen's Epoch-Making Discovery. L. Boltzmann. Zeit. f, 
Klek.-vluniuy Jan. 15, 1896. 

Rontgen Ray Experiments. 0. Lodge. [L 17.] 

Rontgen Rays, Experiments on. T. C. Porter. [P 82.] 

Rontgen Rays, Experiments with. S. P. Thompson. [T 9.] 
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Rontgen Rays, Experiments with. Alex. Macfarlane. A7/'r. 
IForld, vol. 27, p. 281. 93 

An attempt to prove from which part of the tube the Rontgen rays radiate 
(illustrated.) 

Rontgen Ray Experiments. D. C. Millor. Elec, Warldy vol. 27, 
p. 809. 94 

Rontgen Rays, Fluorescence of Vitrified Materials under Action of. 

[F8.] 

Rontgen Rays, Gases Exposed to. [G 2.] 

Rontgen Rays Hypothesis. l\lec. llev. (Lend.), vol. 39, 
p. 858. 95 

Editorial article on the transverse vibration theory. 

Rontgen Rays, Influence of, on the Explosive Distance of the 
Electric Spark. [G 9.] 

Rontgen Rays, Invisibility of. [I 5.] 

Rontgen Ray Kinematics. [K G.] 

Rontgen Rays, a Proposed Standard Lamp for. [S 28.] 

Rontgen Rays and Laryngeal Surgery. [L 8.] 

Rontgen Rays, Law of Opacity of Substances to. [G 5.] 

Rontgen Rays and Lenard Rays, Resemblance Between. J^Urc, 
vol. 86, p. 899. 1896. 96 

Rontgen Rays and Light Rays, Absorption of, by Crystallised 
Media. [A 2.] 

Rontgen Rays at Low Temperatures. L Bleekrode. ^llec, Ber, 
(Lond.), vol. 88, p. 75G. 97 

The author obtained no marked effects by lowering the temperature of the 
X-ray tube to - 79°. 

Rontgen Rays, Mechanical Action of. [M 10.] 

Rontgen Rays, Medical Applications of. M. Remy. IjO^ Xat,, 
No. 1,227, p: 12. 98 

A short article containing a beautiful illustration of an X-ray photo of a 
hand and arm. 

Rontgen Rays, Molecular Dissociation of Electricity by. [M 18.] 

Rontgen Rays in Paleontology. J. Lemoine. C, //., 128, 
pp. 764-765. 1896. 99 

Some points in classification, depending upon the solidity or otherwise of 
the vertibrre of fishes have been cleared up by means of X-rays. 

Rontgen Rays, Permeability of. [P 8.] 

G 
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Riintgeii Kays and Phosphorescence. [P 9.1 

Rontgeii Ray PhotographB. [P lSi.| 

Rontgen Rays, Photographic Reaearches on. [P 14.1 

Rontgen Rays, Photographic Action of, [P 13.| 

RoQtgen Rays, Photography of Arterial System by. [A 17. | 

Rbntgea Ray Photometer, A. G. Mkslin. .7r.nr. '/-■ I'Ii'jk,, 6, I 

pp. 202-204. 1H%. lOO I 

The article d«la with the eimatructJ'iQ cif an instrument fur maiuiuriiig I 

tlie relative brightneos of fluorescent miterials. 

Rontgen Rays, Point of Emission of. A. Roiti. Ilnul. A<-'\ lJw„ ] 
r,. 1, pp. lH,j-IHH. inm. 101 1 

Rontgen Rays, Polarisation of. [P 30. j 

Rontgen Rays, Practical Application of. Mosetig. J-Un:, vol. SO, 
p. 402. 102 

Injuries cauaed by a revolver shot in the hand, and the pooiljon of the ahol 
located ; njalformatioii of a frat uhown by X-rays, Ac. Prof. S. P, THOMraoil 
lias found X-rays in the light of >n electric arc and has ubtaiued a " rodio- 
grft]ih " by this means. 

Rontgen Rays, Production of Silhouettes by. [P 85.J 

Rontgen Rays and Pulmonic Affections. Dr. Hill. La Xat, 

No. l,2a«, p. 17!). 103 

An aocount of apparently peculiar curative action of the X-ra;a and efiteb 

upon raicrobea. Later work haa shown Uie action to have bean prot*bly 

accidental. 

Rontgen Rays, Recent Researches in, A summaiy. NtOtinJ 
vol. 54, p. 109. '" 

Including accuuntH of attempts to pohtrise the rays, action On seleniiua,.! 
nature of X-rays, [ilanl atrutture revealed by X-ra;a, and phot»im 



Eiintgen Rays, Recent Researches in, Ch, Gvh-lmim 
No. 1,195, p. !i27. 
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Rontgen Rays, Recent Researches in. Lla: H'-r, (Lnnd.), vol. 38, 
p. .'•62. 106 

Rontgen Rays, Recent Work with. A. M. Mavkb, Natuiv, ■ 

vol. 39, p. ",22. 107 I 

An iiii;iLirtiintauniinHry, dealing alao with reflection experimenlA (illustratad}> 1 

Rontgen Rays, Reflection of. DERv-DEVELaHAuvERs. [D 6.] 

Rontgen Rays, Refraction of. M. Gooy. [G 8 and R 19.] 

Rontgen Rays, Reflection of. Lord Blythswood. [B 14.] 
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Rontgen Rays, Reflection of. B. Malagoli and C. Bonacini. 

[R le5.J 

Rontgen Rays, Refraction of. F. Beaulard. [R 17 and 18.] 

Rontgen Rays, Selective Absorption of. J. A. McClelland. 
Froc, Roy, Soc, (Lend.), vol. 60, p. 146. 108 

Experiments on above with tables of results 

Rontgen Ray Shadows, Distinctness of. [S 9.] 

Rontgen I Rays, Some Restdts obtained with. J. Magintyre. 
Proc, Hoy. Soc. (Edin.), vol. 21, p. 137. 109 

Rontgen Rays, Source of. A. Battelli. [S 14.] 

Rontgen Rays, Source of. W. M. Stine. [S 27.] 

Rontgen Rays, Source of. Stcherbakof. [S 22.] 

Rontgen Rays. Summary of work to date (August, 1896). Nature, 
vol. 54, p. 854. 110 

Rontgen Rays. Summary of work. FJec Rev. (Lend.), vol. 38, 
pp. 437, 506, 532, 562. Ill 

Rontgen Rays. Summary. FAee. Rer. (Lond.), vol. 38, 
p. 658. 112 

In which mention is made of M. Lafay's experiments showing the deflecti- 
bility of X-rays by means of a magnet, and also the work of M. Mbtz in which 
he showed that cathode rays within the discharge tube affect a sensitive plate 
(see B 9.) 

Rontgen Rays. Summary of work to June, 1896. Nature, vol. 
54, p. 302. 113 

The Rede Lecture given at Cambridge University on June 10 by Prof. 
J. J. Thomson, F.R.S. 

Rontgen Rays in Sunlight. [S 35.] 

Rontgen Rays and Sunlight. [S 34.] 

Rontgen Rays, A Theory of. [W 4.] 

Rontgen Rays, Transparency of Gases to. [B 15.] 
Rontgen Rays, Transparency of Liquids to. [T 21.] 
Rontgen Rays, Transparency to. [T 22.] 

Rontgen Rays and Transport of Electricity. A. Righi. N, Cim., 
4, 4, pp. 167-169. 1896. 114 

In the dispersion of electric charges under Rontgen rays, the material par- 
ticles pursue trajectories, generally curved, which coincide sensibly with the 
lines of force. The points where they fall upon an ebonite plate are disclosed 
by sprinkling over it a mixture of sulphur and minium. The phenomena are 
similar to that of electric convective discharge through a gas. 

G 2 
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Rontgen Rays Traversing Ponderable Matter. C. Malt^zos. ( '. R, 
122, pp. 1,115-1,117. 1896. 115 

The writer developes mathematical reaaom why the absorption of Rontgen 
rays by varioiu substances should vary with the density. 

Rontgen Rays, Tube for. Szymanski. [T 29.] 

Rontgen Rays, Tabes Prodnctive of. A. Riohi. [T 34.] 

Rontgen Rays, Tubes for. H. Boas. [T 31.] 

Rontgen Rays and Ultra- Violet Light, Action of, on Explosive 
Discharge in Air. [E 20.] 

Rontgen Rays, Velocity of. [V 1.] 

Rontgen Rays, Veterinary Applications of. V. E. Johnson. Photo- 
(fraphijy vol. 8, p. 610. 116 

An account of a case where X-rays detected a wrong diagnosis. 

Rontgen Rays, Visibility of. [V 5.] 

Rontgen Rays, A Vortex Theory of. A. A. Miciielson. J^:Ui\ 
World, vol. 27, p. 390. 117 

Rontgen Rays, Wave Length of. [F 15.] 

Rontgen Ray Work, Notes on. Willyoung and Sayen. Klfc 
Itev. (Lond.), vol. 40, p. 373. 118 

The article refers to the time required to obtain X-ray photos of the trunk, 
and to the inflammatory action of X-rays upon the skin. [See also S 12.] 

Rontgen Tubes. H. Armagnat. Vlnd, FA,, 5, pp. 117-118. 
189G. 119 

Indefinite experiments with various forms of tubes and combinations of coils. 

Rood, 0., on Reflection of X-Rays. [B 16.] 

Rotation of Cathode Disc in Crookes Tube. [N 7.] 

Roux on Heterogeneity of Radiations from Crookes Tube. [H 3.] 

Rowland, H. A., on Wave Length of X-Rays. [W 2.] 

Rowland, H. A., J. Briggs, and R. Carmichael, on Source of X-Rays. 
[S 20.] 

Rowland, Sidney : Report on the Applications of the New Photo- 
graphy to Medicine and Surgery. BHt, Med, Jour,, vol..!, 
pp. 361, 431 and 492. 1896. 120 

Rutherford, £. : Electrification of Gases Exposed to Rontgen 
Rays, and the Absorption of X-Rays by Gases and Vapours. 
[E lO.J 

Rydberg, J, R., on Mechanical Action from Crookes Tube. [M 9.] 
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Sagnac, G., on Becquerel's Experiments on Invisible Radiationa. 

[Kl.l 

Sagnac, G., on Penumbrse Illusions and their Bearing on X-Ray 
Inveatigationa, '^1' 2. J 

Salomons, Sir D. : Electric Discharge in a Magnetic Field. [M 5.j 

Salts, Colouration of, by Cathode Rays, [C 12.] 

Salvioni, E. : Productionof Shadows by Rontgen Rays. Khc. Her. 
(Lond.), vol. 3S, p. .550. 1H96. 1 

TreoBlatiiiLi of a paper read befora tlie Meclico-Surgiiail AcaJeuiy ot Ferugia, 
Feb. 22, 1896. Au aiaiount of eiperimenta with fluorescing tnatecialB. 

Salvioni, E., on Rontgen Rays, Aiti Anitd. Mi-'l.-Cliiniri/ 
(Perugia), vol. H, Nos. 1 and 2. 1890. 2 

ThEoretiuttl discussion an to tlie nature of ROiitgen raya. 

Salvioni, E., on Distinctness of Rontgen Ray Shadows, [S 9.] 

Sandracct, A., on Fluorescence of Glass in X-Ray Photography, 
,V. Ciiii., vol. 3, p. 858; also Hltr. Iter. (Lend.), vol. 8t), 
p. 551. 3 

The cspcrimaiita go U- show that tht- eoiwitive film ot the photagrapliic 
plate 18 itself acted \i\xni ilirei;lly by X-rays. 

Sandmcci, A., on Rontgen Rays. [E 70.J 

Schmidt, G. C, on Fluorescence. [F 1.] 

Schuster, A. : Magnetic Force Acting on t 
Sphere. I'liil. .!/,(-/., vol. 13, p. ). 



Moving ElectriHed 
4 



Schuster, A., on Rontgen Re^b. 
1896. 
A liriof Biiil clear auuouiit o£ Prof. ^^JSTaeI^'B diBcovery. 

Screen, A Hew Fluorescent. 



Mv>l. Jo,,,:, vol. 1, 1). 172. 



Screens, Fluorescent {Tungstate of Calcium), 
Segahn, L., on Crookes Tubes. [C 21.] 
Selenium, Effect of X-Rays on. J. W. Gilta 
a selenium cell slowly re 



[E 10.] 



Nnti'ie, vol. 5i, 
6 
'Era from stimulation 



p. 109. 
The author poiiit« out tliat 
by X-rays. 

Sella, A,, and Q. Majorana on the Action of Rontgen Rays on the 
Electric Spark. [E 8.] 
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Sella, A., and Q. Majorana on Effect of X-Rays and Ultra- Violet 
Light on Electric Sparks. [E 8.] 

Sella, A., and Q. Majorana on Effect of Ultra- Violet Light and 
Rontgen Rays upon Explosive Discharge in Air. [E 20.] 

Sella, A., and Q. Majorana on Velocity of Rontgen Rays. [V 1.] 

Semmola, E., on Crookes Tubes. [C 25.] 

Sestini, Q., on Crookes Tubes. [C 26.] 

Shadow Pictures from Arc and Sunlight. W. Freedman. Klec. 
Kwh (N. Y.), vol. 21, p. 256. 1896. 7 

Shadow Pictures by Arc Light Rays. W. Ker. Kiev, Kmi, 
(N. Y.), vol. 21,p. 309. 1896. 8 

Shadow Radiograph. [B 7.] 

Shadows by Rontgen Rays, Distinctness of. E. Salvioni. Attl 
Accad, Med.-Chinmi (Perugia), Nos. 1 and 2. 1896. 9 

Shortening Exposure to Rontgen Rays. A. Battelli and A. 
Garbasso. X. r////., 4, 3, pp. 167-168. 1896. 10 

Suggests the use of Huoresciiig materials in contact with the back of the 
sensitive plate. 

Shrader, Dr., on Action of Rontgen Rays on Bacteria. [B 2.] 

Siemens' and Halske's New Rontgen Lamp. [L 1.] 

Silhouettes, Production of, by Rontgen Rays. [P 35.] 

Skin, Action of Rontgen Rays on. E. W. Reid. P/iotof/raphif, 
vol. 9, p. 108. ' 11 

The author records the action on his own stomach and chest of prolonged 
exposure to the rays. 

Skin Affected by X-Rays. Klec Her, (Lend.), vol. 40, p. 538. 12 

A means is suggested for preventing this action by the interposition of an 
aluminium screen to prevent the electric discharge reaching the patient. (See 
also EUc, Rev. (Lond.), vol. 40, p. 373). 

Skin Pictures by Rontgen Rays. Dr. Walsh. lUiu Med. Jour., 
vol. 1, p. 797. 1896. 13 

Sohncke, L., on Polarised Fluorescence. [P 31.] 
Solids and Liquids, Opacity of, to X-Rays. [0 6.] 
Source of Rontgen Rays. W. M. Stine. [S 27.] 

Source of Rontgen Rays. A. Battelli. N. Cm., 4, 3, pp. 129- 
111. 1896. 14 

The Rontgen rays originate at the surface iirdt struck by the cathode rays. 
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Source of X-Rays. C. L. Cory, J. le Conte and R. W. Lowman. 
Elec. World, vol. 27, p. 424. 15 

An exhaustive 8erie«i of ezperiineuts was tried, leading to the conclusion 
that the source ia the first solid upon which the cathode rays strike. 

Source of X-Rays. Alex. McFarlane. Klec, World, vol. 27, 
p. 648. 16 

An attempt to controvert the cathodic theory. (Illustrated). 

Source of X-Rays. D. W. Herring. Klec World, vol. 27, 

p. 395. 17 

The author criticises E. Thomson's and Rowland's conclusions as to 
the " anodic " source 

Source of X-Rays. A. A. Michelson and S. W. Stratton. Science, 
vol. 8, p. 695. 18 

The writers give details of a series of experiments to show that the source 
of the rays is the surface first encountered by the cathode rays. (May 8, 1896.) 

Source of X-Rays. T. H. Muras. J<lec. Uev. (Lond.), vol. 38, 
p. 240. 1896. 19 

Experiments were carried out with a Crook es tube with three electrodes, 
the centre one of which was idle, and served merely to reflect the cathode 
beams. Pinhole photos showed that the X-rays seemed to originate at the 
surface of this idle electrode. (The article is fully illustrated.) 

Source of X-Rays. H. A. Rowland, J. Briggs and R. Carmichael. 
Ant, Jnl, of Science, vol. 1, 4th series, p. 247. 20 

Source of i-Rays. C. S. Scribner and F. R. McBerty. Klec 
World, vol. 27, p. 894. 21 

A series of experiments showing apparently the inner wall of the tube to be 
the source. (The article is illustrated). 

Source of X-Rays. Stcherbakof. C. /•'., 122,p. 1,155. 1896. 22 

The vmter thinks the rays originate within the tube. 

Spark, Electric, Action of Rontgen Rays on. [E 8.] 

Sparks, Electric, Effect of Rontgen Rays and Ultra-Violet Light on. 

[E8.] 

Sparks, Electric, and Ultra-Violet Light. [U 1.] 

Spectrum, Cathode Ray. [B 20.] 

Spectrum, Extension of the Visible. [S 88.] 

Standard Lamp for Rontgen Rays. Elihu Thomson. Elec, Emj, 
(N. Y.), vol. 21, p. 377. 1896. (Illustrated). 23 

Static Machine for X-Ray Work. Fdec. World, vol. 29, p. 897. 24 

Description of a suitable machine, the plates being of hard rubber. 



S 25-33 ( ^« ) 

Stcherbakof on the Source of Rontgen Rays. ,^ti S 

SteBjn, Action of Rdntgen Bays oa a Jet of. Frank Uicuarz. I 
W.'ht. A<„i.. No. 11, 1H9(). Abs. in Phil. Mm., vol 43, 
p. ir,. 25 J 

Theaulhoi' founil that Xrayanct u[)oii a st«am-J0t ho aa to pi-wluce a fog. 

Stefanini, A., on Rontgen Rays and Sunlight. [^ 8-1.] 

Stereoscopic Photos with X-Rays. lii.inu Tihjuson. [T 18.] 

Stereoscopic Radiography, P. Czkuuak. l'h<'t<<ijraiihij, vol. 8, 1 

p. HSe. |He«also T 18.] 

Detnils of a inetliwl of pruducinij; Htereuacopii^ X-ray [ihoUia. willi plan uf I 

afiparatua and illustrations of reaulta. 

Stine, W. M., on the Kinematics of Rontgen Rays. [K G.] 

Stine, W. M., on Source of Rontgen Rajs, Jnl. uf Am. Inst, uf I 
7'.*. /■;,, l;^, pp, 81-H4. 1896. 27 f 

Stine. W. M., on Tnhes for Producing X-Rays, [T 32,] 

Stine, W. M,, on TuberculoBis and X-Rays. |T 88 ] 

Stokes, Sir G,, on the Rontgen Rays. lUit. -lid. of I'/t-H., vol. 43, ! 

pp. .ws-ooa. 

I'reaidential addr&M to tlic Victoria Institute. 
Stokes, Sir G,, on RiJntgen Rays. Xntitrc, vol, 54, p, 127. 
Stokes, J., on Prof. Bontgen's Discovery. [R 29.] 
Stones, Precious, and X-Raya, [P 3-1,] 



Summariea of X-Ray Work arc to he found in I'/i'ilm/nip/if/, vol. 8, J 
pp. 77, U5, 161, 172, 1H3, 199, 21G, 232, 240,264, 271, 278, 
295, 313, 329 and 314. 



Summary of Work on New Rays, A, W. Iseni 
I'linl., vol, 43, p. 31;-!. 
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Summary of the Work of Lodge, Isenthal, Gifford, and others. 1 
Xatiiye, vol. 53, p. GIS. 1896. 32 ] 

Summary of Rontgen Ray Work to date (Feb. 20th, 1896). Xalare, 
vol. 53, p. 377. 33 J 

An artitle uf about aU eulumna giving very full details. {See alao Popiilae I 
Science {monthly), vol. U9, pp. 103 and IM. ' 

Bonlight, Absence of X-Rays in. [L 5 and S S5.J 
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Sunlight and Rontgeii Rays. A. Htefamni. .V. I'im., i, f 
pp. J102-80G. 1K9(>. 3- 

A BBnBi'ive p!alc in t, lighl-tiKlil biix, ti>gBtbcx' with floine sul|ilu(le i 
ciiJuiuDi, tieuamG afTvtbed whta tlic Ijux wan ex]Hiee<l tu suulight. 

Sunlight, Rontgen Rays in. C. S. Dollev and S. Eobeht. Stieuci 
vol. a, p. 857. 31 

The writers cUtirii to hive ubtaineil trUB Hhadougraiilifi thtvugh aliis 
aluuiiniuiii, lisrd rubber, &u., by meatu of sunlight only. 

Surface, the Part Played by the, i 
Rays. |IM.] 



. Discharge Effects of Rontgen 



Surgery, Laryngeal, and Rontgen Rays. [L 3.] 
Surgery and Medicine, X-Raya in. [M 11.) 
Surgery and X-Rays. ] 1. W. Cattkll. Sri'w.; v 



Sutherland, W., on Two Mew Pressure Gauges for Highest Vacua. 

[G 3.! 

Swinton, A. A, C. : EiTects of Strong Magnetic Fields upon Electric 
Discharges in Vacuo. /'(■-"■, /,''"/. Xi»: (Lonil.), vol. CO, 
!>. 179; and Hl.r., vol. 3i), p. S40. 37 

Swinton, A. A. C. : Extension of the Visible Spectrum. Xiitun; 
vol. 55, p. 33. 38 

Tlie BXtenaioD produced by flunr&tcoiit bodica. 

Swinton, A. A. C. : A Focus Tube for Use with Alternating Cur- 
rents. Kt.r., vol. 37, p. 97. 189G, 39 

Swinton, A. A. C, on Improvements in the Rontgen Process. Brit. 
.I>,in: of I'Iml. Ahmimu; 1897, p. C41. 40 

Swinton, A. A. C, on the Increase of Resistance within the Focns 
Tube. Klei., vol. 37, p. 221. 41 

A |ir<>l«ljlc explnimlion may be fnutid in tlie blai:kciiiug ivilb platinuiti un 
the iutei'ior of the lube nich long use, 

Svrinton, A. A, C. : Method of Reducing Time of Exposure of X-Ray 
Photos. }-M\, vol. Sfj, p. 8C0. 1890. 42 

SuggeatH use of duoreaclng screen na a backing to the scDsiUve ptate. 

Swyngedauw, R., on Electric Sparks and Ultra-VioIet Light. 

[U 1,] 

Swyngedauw, R., on the Lowering of Static and Dynamic Discharge 
Potentials by X-Rays. L 2*2. 

SzymSjiski on a Tube for Rontgen Rays, [T 29.J 
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Temperature, Pailicular, of Anode Necessary. \C< 5.J 

Temperature of Vaouara Discharge. R. \V. Wood. IIViW. Aii* 
u'J, |)p, 2H8-251. 1H0(>. 

Temperatures, Low, X-Raya at. fR 97.] 

Tension, Longitudinal, of Cathode Ba:rs. [L 21.J 

Tesla, Nilcola, Interview with. KUr. UWl-l, vol. 2S, p. 127. 2~ 

TflBla Spark and X-Ray Work. F. J. ysiiTH. .\<Uitrr, vol. 
p. 4WH. 1H9C. 

Theories of X-Rays. Kditorial in F.l-'r. nwi'l, vol. 28, p. 126. < 

Theory of Rdntgen Rays. A. A. Mickelson. Ji". Jul. of Sci'-nef 
vol, 1, aeries 4, p. !)12; also /?/«■. H'-'cW, vol. 27, p. S90. 5 
'i'lm writer canaiders tlie theory (if lon^tudinal waves unneceBBary at 
present to oiplftin Kiintgan ray phenomeoft, ftnd Ihinka the projeoted iiartiule 
lUeory difflcuU to sccepl becauBe of the fact that upon that hypotheuLEi elec- 
trized pArticlea must be shot through the walls of the tube. The writer 
piiipose* au " eUier vortei theory," the rays conBietiog of vortices of an 
mtermolecular medium. Thaie would be forced out of tho cathode surface 
by the uegHtive charge upon it. Hectihnear propagation and absence of 
T-edection would follow from the propertiee of vorLicee. 

Theory of X-Raye. M-v. Worhl, vol. 27, p. 387. 6 

Itejecta exiociiig theories, allhouRh indiaing to the Uingitudiual hypothesia, 

but HUj^geittx a couibinatiou of the lattar with eleutric iuJuction or electrolyiuB. 
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Thenno-Lumineacence Provoked by Rdntgen Rays and Becquei 
Rays, [1! 27.. 

Thompson, S. P. : Letter on Prof. Fleming's Article (F.lir., \-ol. 

HH, p, 802.) I^ei:, vol. :-IH, p. 8-36. 7 

A lua^net bokl outside a focus tube aQected the position of the delimiting 

edge of the iutenial Huoreaceace, while nt the ^oie time the dark delimiliag 

>hadow aeen on the platiuo -cyanide screen did tiot shift. 

Thompson, S. P. ; Relation of Cathode, Rdntgen and Becquerel 

Raya. J!. A. Meeting, 1896. Abstract in Xatnn', vol. 54, 

p. 5ti(3. 1896. 8 

AinoDgHt citlicr eSouts, Prof. Thoupsun noticed that if the auti-catboile be 

It wire, its cathode shadow enlarges when the wire is negatively cha:-ged and 

diminiobes in si^e for a positive charge. (See aUo B 5 and 6). 
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Thompson, S. P. : Some Experimenta with Rontgen Raya. /';>"■. 
/'A//.-. >'„■. (Lond.), vol. 14, p. 272. 9 

An acuount of eippriments on pDlartiutiuu, but giviiig entiretf uegative 
results. Tlie writer alio dnuribes several forms of expeiimeutBl tubes whicli 
ha eoipliijed prior to the introduotioa of the .laiikiuin focus tube. Tlia writer 
DOuld find 110 relikble trace of true specular reflectioD. 



Thompson, S. P., on Hyper-Phosphoresecce. 



|II.l 



Thomson, J. J.: Address to Section " A," B. A. Meeting, 1896. 
A7e.-.,voL b7, p. (J7S. 10 

A campretiensiTC account of the X-ray work up tn date, 

ThomsOQ, J. J. : Diacharge of Electricity by Rontgen Rays. / 'mr. 
Hoy. Soe. (Lond.), vol. ni), p. 274. 11 

Thomson, J. J. : Electrical Discharge by Means of Roatgen Rays, 
F.kr., vol. 36, p. 401. A letter. 12 

Thomson, J. J. and J. McCIellEind : Influence of X-Rays on tlie 
Conductivity of Dielectrics. Klec, vol. HC, p. 750, 13 

The ratea of leakiige fniiii a cliargeil body in air at different jirpasurEfi 
WHS invetiti(;al«d, and it was found to be 1u<ver at a low prefHure tban at a 

root o£ the pressure. liflei:tB of teiiipetnturo were alsi. studied. 

Thomson, J. J., and E. Rutherford on the Passage of Electricity 

through Gases Exposed to Rontgen Rays. Paper read before 

the B. A. Meeting, 1H96. VInl. Mag , vol. 42, p. JJ92. 14 

An account of experimentB to show that air becomes a conductor of elei'- 

tricity under tlie iniluenca of X-rajs {see R 27), auA that this efTect was not 

reduced when the air was stronRly heated ; passing it through water, however, 

Btopped the ]>honomeiia. The gaa lost its ooaiJuctivity nhen passed through 

a plug of glass wool, but not bo when passed through a diaphragm of tine wire 

ganie or innslin. A aun-HUt of electricity when pssned through lloatgenised 

air was also found to dimiaish its conductivity. When a ^lass tube prevented 

the paseage of the current, but alloweil the electric ^Wi/ to be maintained, llie 

eonduotivitj of the air was not affectcil. A charge waH also commuTiioated to 

a gas by X-rays. The authors largely deal with leakage effectA under various 

vonditicns. 

Thomson, J. J. : Quantitative Determination of Rontgen Rays. I'ilfr., 
vol. 36, p. 400. 15 

The rays are caused to discharge an clectriBcd plate. I'rof. Thomson infers 
from his esperitnenta that "all substaniwEi through which blia Kontgeu raya 
are pawing becume for the time conductors of electricity." [^ee also K 5.) 

Thomson, J. J. : The Rontgen Raya. Hlir., vol. 37, p. 604. Abs. 
of Lecture delivered at Cambridge, June 10, 1896. 16 

Thomson, J. J. : The Rontgen Rays, | R 71. J 

Thomson, EUhu: Effects of X-Rays on the Tissues, [T 13 and 
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T 17-24 ( '■« ) 

Thomson, Elihu, on Flnorescence Experiments. /',7<r,, vol, 
p. 302. 17 

A frel.le reauU obUiined with fiiiel^\ -powdered g]r««. The »uthor laentknt 
eiperimentH to te«t whether X-rays affett living tissues. 

Thomson, Elihn : Opalescence and Diffusion with X-Bays. [D 10.] 

Thomson, Elihu, on a Standard Lamp for Rontgen Rays. [S 2il,) 

Thomson, Elihu : Stereoscopic Photography. J-!ln:, vol. 36, p. 661; 
and i:i.'r. \V..>lil. vol. 27, ]>, 115. 18 

A praclifal account of how lo Uke sterCiiscoiiie photos iviUi Itontgeii rays. 

Threlfall, R. and J. A. Pollock : Experiments with Rbntgea Rays. 

|K90.] 
Tissandier, Gaston, on a Form of Crookes Tube for X-Bay Wort 

IT 27.) 
Tissues, Effects of X-Raya on the. Ei-mu Thomson. Fler. Work 

vol. 2H, p. 666. 11 

I'ei'aonal esperience of the ill effects of prolou^-eii espusuro of the hand I 
the rays. (See also .S 12). 

Tissnes, Effects of X-Rays on the. R. B. Owens. l-:iet: WtirU 
vol. 28, p. 759. 2i 

t)<>tailH of two caaes where pntieuts have developed bod wuundH on the par 
operated upon. 

Transparency of the Eye to X-Rays. [E 22.] 
Transparency of Gases to Rontgen Rays. [B 15.] 

Transparency of Liquids to Rontgen Rays. M.M. Bleunard an 

Labbshe. r, /,'., 122, pp. 527-528. 1996. 3 

The wiit«rH plftced the liijuids to be examiiied in trajs of tallow. (8l 
al^o 6). 

Transparency to Rontgen Rays. E. vanAubbl. Jour. <U: Phys,, { 
pp. 511-.'iH, 1896. % 

ExperiuieulH on the relative trans] lareiiey oE budiea to the rays. The writi 
(uuiid that the preneuue of ohloriue, brotniDC. iodine, or fluorine in a moleou 
reoders the KUbstance more opaque. Vapours of salts were found to be vol 

Triangulation by Means of Cathode Photography. ,7. Trowbridoh 

Am. Jul. ')/■ NViVh't, March, 1H96; and r/iil. ilati., vol. 41 
p. 468. J" 

The author ileecribes a method of estimatjni; the relative positions of ubj< 
by uieans of X-raya and suggests etareoacopic eSects. (Sec also T 18). 

Troost, L,, on X-Rays h-om Artificial Blende. [A 18.] 

Tronton, F. T. : Duration of X-Radiation at each Spark. B. A< 
Meeting, 1896. Abs. in Satnn; vol. 54, p. 566. 
■ He found that the duration varies from -i^tjtb to rgisotli second, h 



Trontoii,F.T.: Letter on Photographic C. p. oCXRay Tubes. Kl.:,. 
vol. 38, p. 699. [See B 26.1 25 

' Trowbridge, J., on Triangulatton by means of Cathode Photography. 

[T 23.] 

Trowbridge, J., on the Energy of the X-Rays. Kliv. nn: (N.Y.) 
vol. 30, p. 139. 26 

The writer amploj'e.l a bnttpry of 10,000 cells lo chartre a mi »S Leydeii jan 
giiiog a dischai^B at 500,000 volts. Line i>f the liontluaionH lie arriveil at web 
tliat when K-rayo were given off the ilincharge was alwayn i«cillatory. 

Tube, a Form of Crookes, for X-Ray Work, Gakton Tissaniher. 
l.a Xat., No. 1,200, p. 401. 27 

This ia not a focu^ tube, but, Che results of plintoa taken with it phaw great 
aharpDeat. 



Tnbe for Rontgen Rays. ■!. W. (li 
1M96. 



X,>t 



, vol. 53, p. 400. 
28 



Tube for Rontgen Rays. Skvmanski. Xeit.f. liutnimk., IG, pp. 158- 
1S5. 1896. 29 

A simple tube of glass Bome 16cm. long and 3cni. wide. It vtaa capped 
at each end with aluminium and prmided with a side tube for enhausting. 
I'he uapK acted as the electrodea, one, the aaade, being convex uutwardly and 
tlie uathode flat. The caps lind a au^uietit flange and were cemented on with 
»heUac, with an outer coating of mariDe glue. Photos were taken with this 
tube (using Ameridin ferrotype plates) in two aeconda. 

Tubes, Crookes, for Use witli Alternating Currents. [C 20.] 

Tubes, Crooke3, a New Form of, for Rapid Exposures. [C 21.] 

Tubes, Crookes, C. (J. Hotchins anil F. C. Rohinson. [C 22.] 

Tubes, Crookes. L. Sboaun, [C 24.] 

Tubes, Crookes. E. Vill-uw. TC 27.] 

' Tubes for Rontgen Rays, Regulation of. B. Walter. KMi. Ziit., 
Jan. 7, 1B97. 30 

The regulation ia effected by heating a portion of the tube containing c:iU4lic 



Z.-;t. f. hi^tnimL, 16, 



Tnbes for Rontgen Rays. H. 

pp. 117-119. 1896. i 

Tubes, Rontgen. H. Arhaonat. [R 119.] 

Tubes for Rontgen Rays. W. M. Stine. /'.Vir. U'.irhl, vol. 2 

p. 383. a 

A good deal^^ipti<>□ of larioUH tubes and the |4'oper ilegree of eihaiiHtioii 
produce the beat effects. 

Tubes for X-Ray Work. La Nut., No. 1,225, p. 385. 3 

Ulustratiioos and Jeaori[ition5 of thirty -two differant tubes. 



Tubes Productive of Rontgen Rays, A, Rikhi. 
;. 2, p. -17. 18%. [See K 25]. 



Il.;i'l. Arr. JJi 



u and Hl:]iMi:xKsi'l.' h'uld the upitiiun that til ciiiiKideriiis the aeca- 
nary rarafactioa to produce X-rnf B it ii alBii esaeatial Co take mt(i accuunl the 
form of the tube. Prof. IlliiHI doea not agree with thia. 

Tubes for the Production of X-Rays. Xatiir.; vol. 55, p. 297. 35 

An illuatrntffli description ut nmiij forma of tubea. 

Tubes for Producing X-Rays. [R 25 aud T 9.] 



Tuberculosis Cured by X-Rays. Note in . 
iSee also l.« Xoi.. No. 1,184, p. 1,17 



(f<r.v, vol. 54, p. 251 
also I! 1 and " ' "" 



Tuberculosis Destroyed by X-Rays. M.M. Lortet and G; 

c, ;;., 122, pp, 1,511 1,C12. ]H9fi. [kho B 1 and 3.]3f 

Kijfht guinen-piga were inoculated with tlie bacillua and three were subjected 
to Rijntgen raya tor ftbout three moiitha, theae three remaine.1 free troai the 



J 

1 



Tuberculosis and X-Rays. 
p. 10. 

Reanlta of a aeriBa of inveatig. 



it developed abuceBses and other symiitoi 
W. M. Stine. KI.-C. World, vol. 2) 



of 



inveatigationa carried out with apecially good remittal 

Turner, Dawson: Are Ordinary Photographic Plates as Sensitive^ 
X-Rays as Extra-rapid ones." Kin-., vol. 3s, p. 97«. 



nitra-Violet Light and Electric Sparks. R, Sv 
122, pp. J,0,52-l,OG'l. 18%. 

Uranium, Metallic, Radiation fi'om. [B 13.] 



Vacuo, Photography in. [P 20.] 

Vacuum Gauge, a New. [B 8.] 

Vandevyver,L.N.,on Law of Photographic Action of X-Rays. [L4.J 

Vandevyver,L.N.,on Photographic Action of Rontgen Rays. [P IS; 

Varley, F. H., on Radiography. [R 4.] 

Velocity of Propagation of Electrostatic Force. [K 2.] 



Velocity of Rontgen Rays. A. Se 

t.hic, 6, 1, pp. 168-169. leyi). 
All iiigeuiouB method of experiiuGntiiig, but the article coDtaiiu 



and Q. Majobana. lloid. Aw 
6. 1 




( C3 ) V 2-W 1 

Veterinary Applications of X-Rays. [B 116.] 

Vicentini, G., and G. Pacher on Rontgen Rays. Mem. 7?. Istit. 
Ven. di Scienze, vol. 25., No. 7. 1896. 2 

Villari, £., on Bending of X-Rays. [B 14.] 

Villari, £., on Grookes Tubes. [C 27.] 

Villari, £., on Discharge by Rontgen Rays. [D 17.] 

Villari, £., on Discharge by Rontgen Rays, or by Electric Sparks. 
[D 18.] 

Villari, £., on Discharge by Rontgen Rays. [R 82.] 

Villari, £., on Discharge by Rontgen Rays, in Solid, Liquid, or 
Gaseous Media. [R 88.] 

Villari, £., on Distribution ot Electricity on the Surface of Grookes 
Tubes. N. Cim,, 1, c, p. 859 ; also Klec. llev. (Lend.), 
vol. 89, p. 552 ; and Nature, vol. 54, p. 689. 3 

Villari, £., on Gases Exposed to Rontgen Rays. [G 2.] 

Villari, £., on Rontgen Rays. .Y. Cim., 4, 8, p. 228. 1896. 4 

Anodic rays are to be taken into account as well as the cathodic rays. The 
cathode rays travel in straight lines and manifest their negative charges 
where they strike the walls of the tube. The anode rays are diffused within 
the interior of the anode, and manifest their positive charge over the whole 
of the tube. 

Villari, £., on Rontgen Rays. [R 72, 78, 74, 75, and 76.] 

Villedevil, Ch. de : Photographing the Invisible. [P 15.] 

Visibility of Rontgen Rays. G. Brandes. Bed. Ber., 24, 
pp. 547-550. 1896. 5 

An interesting case of a girl who had had the crystalline lense of one of her 
eyes removed, and who could see light when Rontgen rays were turned on. 

Vitrified Materials, Fluorescence of, under Rontgen Rays. [F 8.] 



w 

Wade, Sir W., on the " New Radiation." Briu Med. Jour., vol. 1., 
p. 488. 1896. [Also T 86, 87 and 88.] 1 

A suggestion that Rontgen rays may prove destructive to bacteria, especially 
of tuberculosis. 

Wall, £. J., on Cathode Photography. [C 2.] 
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Walsh, Dr., on Skin Pictares by Rontgen RayB. [S IR.] 
Walter, B., on Begnlatfon of Rontgen Ray Tnbes. [T SO.] 

Watson, G. W.. on Radiography, j R H. | 

Wave Length of X-Raya. H. A. Roivi.»,nt>. KW. ]V,.,-hl, vol. 27j 
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Wave Length of X-Rays. [F 15.j 

Waves, Longitudinal, Generation of in Ether. Lord KELvrtJ 
/',..<■. Ih.ij. S-r. (Lond.), vol. riil, p. 270. 18Jt6. 
A 4uinz<»t«(l methud of i>btjiLiiii]g lonKituiliniil wnrrii in ether witho^ 
pni|iloyiiig an exhauatod t.uljB. 

Waves, Lon^tudinal. [R 2!i.] 

Webster, G, W., Radiography in Practice. [R 5.J 

Weidemann, E., and G. C. Schmidt on Diacharge Phenomena fi 

Rarefied Metallic Vaponra. ;l) 14.J 
Wilkins, J. W. : A Theoiy of X-Raya. !-:i,r., vol. 88, p. 516. 

Aaaumiiig thpiii tn be vidrftl.ions nf Kpcoiol matter. 

Willyoung and Sayen on Eiintgen Ray Work. fU 118.] 
Willyoung and Sayen on Apparatus for Producing Rontgen Raya.il 

jAir>.| 

Wilson, C. B. : The Effects of X-Rays on Cloudy Condensation. J 

iC U.\ 
Wimshnrst Machine and X-Rays. W. Wathon, [B 8.} 
Wimshnrat Machine and X-Raya. [B 22, P 83, and X 17.] 
Winkelman, A., and R. Straubel, on Rontgen Rays. [R 77.] 
Wood, R. W.: A Duplex Mercurial Air Pump. [P 41.j 
Wood, R. W, ; A Focus Tube lor X-Rays. [F 14.J 
Wood, R, W., on Temperature of Vacuum Discharge. [T 1.] 
Wooden Cyhnder for X-Ray Lamp. [B 18.] 

Woodward, J. : New Form of X-Ray Lamp. /■.'/.'(■., vol, S^ 
p. 785; also J-Uc: Wnrhl, vol. 27, p. 219. 

A cunicai uluminiuQi wneel nith glBt^s base. 

Wright, A. W., on Cathode Ray Experiments. [C 7.] 
Wuillomenet, M., on Transparency of the Eye to X-Rays. [E S. 
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X-Rays and Alternating Currents. [A 10.] 

X-Rays, Application of, to Soft Portions of the Body. Dr. Macintvrk. 
Nature, vol. 54, p. 451. 1 

A useful article on practical work from a medical poiut of view, with 
illustrations of results obtained. 

X-Rays, Bending of. [B 14.] 

X-Rays from Artificial Blende. [A 18.] 

X-Rays and Blindness. Kiev., vol 38, p. 325. [B 21.] 

X-Ray Bums. [S 12, T 19 and 20.] 

X-Rays and Cathode, Distinction Between. [G 1.] 

X-Rays and Cathode Rays, a Comparison. [L 6.] 

X-Rays, Charging Effects of. [M 17.] 

X-Rays, Condenser Method for Producing. [C 15.] 

X-Rays, Detection of Adulteration in Food Stuffs by. Klw, licv, 
(Lend.), vol. 38, p. 593. 2 

X-Rays, Diagnosis of Disease by Means of. [D 19.] 

X-Rays, Diagnosis by Means of. [D 7.] 

X-Rays and Diamonds. [D 8.] 

X-Rays, Rontgen's. Editorial Article. Kite, llcv, (Lend.), vol. 38, 
p. 402. 3 

X-Rays, The. Editorial Article. Klec. lli't: (Lend)., vol. 38, 
p. 159. 4 

X-Rays, Effects of, on Bacilli. [B 1.] 

X-Rays, Effect of, on the Conductivity of Dielectrics. [T 13.] 

X-Rays, Effects of, on the Tissues. E. Thomson. [T 19.] 

X-Rays, Effects of, on the Tissues. E. B. Owens. [T 20.] 

X-Rays, Effect of, on Contact Electricity of Metals. [E 87.] 

X-Rays, Electric Effects of. [E 7.] 

X-Rays, Electrical Discharge Produced by. J. J. Borgman. Elec, 
vol. 86, p. 501. 5 

H 
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X-Rays, Electrical Discharge Produced by. J. J. Thomson. 
Kiev., vol. 86, p. 491. 6 

X-Rays, Electrical Phenomena Produced by. [B 28.] 

X-Rays, Experiments on. Xature, vol. 55, p. 64. 7 

Use of a camera for obtainini; reduced photographa of the images on 
fluort-Bcing screeu. The action of X-raj8 up^u living tisMues. 

X-Rays, Experiments with. W. C. Peckham. Kiev, Worlds vol. 
27, p. 688 8 

X-Rays, Experiments with. E. B. Frost. [F 18.] 

X-Rays, Experiments with. J. Burke. [B 29.] 

X-Rays in Geissler and Crookes Tubes. [P 8.] 

X-Rays, The. Ch. Guillaume. La NaU, No. 1,183, p. 129. 9 

A general account of the discovery. 

X-Ray, Instantaneous Photos. [I 8.] 

X-Rays, Intensity of. Method of Estimating. [I 4.] 

X-Rays, Interview on, with Mr. Jackson. Elev, Rev, ( Lond.), vol. 38, 
p. 470. 10 

X-Ray Lamp, a New Form of. [W 5.] 

X-Rays, Manipulation of Apparatus for. G. T. Hanchett. Klec 
World, vol. 29, p. 377 11 

X-Rays, Medicinal Properties of. W. Caffrey and N. S. Wilson. 
£lec. World, vol. 29, p. 67 12 

X-Rays in Medicine and Surgery. [M 11.] 
X-Rays, Hugo Miinsterberg on. [M 19.] 
X-Rays, Nature of. [G 7.] 

X-Rays, New Apparatus for Producing. [A 14.] 

X-Rays and the New Photography. Elec, Eev. (Lond.), vol. 88, 
p. 298. 13 

A general summary of contemporary work, and mentioning Lord Blythes- 
wood's results with brush discharge, Edison's results and an account of an 
X-ray tube made from 16-c.p. lamp bulb. Attention is called to the fact 
that X-rayd retard the rotation of a radiometer. 

X-Rays and the New Photography. [N 5.] 

X-Rays, Attempts to Polarise. Dr. Macintyre. Proc, Boy. Sor. 
(Edin.), vol. 21, p. 144. 14 

Negative results only. 
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X-Rays, Focus Tube for Producing. [F 14.] 

X-Rays, New Properties of. L. Bbnoist and D. Hurmuzescu. [See 
P 38 ; also Kiev., vol. 86, p. 524.] 15 

X-Rays, None in Sunlight. [L 5 and S 85.] 

X-Rays, Opacity of Liquids and Solids to. [0 6.] 

X-Rays, Opacity to. J. Dbwab. [D 6.] 

X-Rays, Opacity of Various Substances to. 0. Zoth. [0 8.] 

X-Rays, Origin of. [0 7.] 

X-Rays, Photographing with. [P 25.] 

X-Rays, Photometry of. [R 26.] 

X-Rays, Propagation of in Air. [G 4.] 

X-Rays, Properties of. H. Dufour. [P 86.] 

X-Rays, Properties of. B. Galitzine and A. 1>e Kahngjitzky. 
[P 87.] 

X-Rays, Reflection of. 0. Eood. [R 16.] 

X-Rays, Source of. A. A. Michelson and S. W. Stratton. [S 18.] 

X-Rays, Source of. C. S. Scribner and F. R. McBerty. [S 21.] 

X-Rays and Precious Stones. [P 84.] 

X-Rays : Sununary of Work. Klcc. Uev, (Lend.), vol. 88, p. 487. 16 

X-Ray Work : Sununaries of in Flwtofjraphy. [S 80.] 

X-Rays in Surgery. [S 86.] 

X-Rays, Surviving Hypothesis Concerning. [L 18.] 

X-Rays, A Theory of. A. A. Michelson. [T 5.] 

X-Rays, Theories of. [T 4 and 6.] 

X-Rays, Transparency of the Eye to. [E 22.] 

X-Rays, Tuberculosis, Cure of. Nature, vol. 54, p. 255. 

X-Rays and Tuberculosis. [T 88.] 

X-Ray Tubes. W. M. Stine. [T 82.] ^ 
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X-Rays, Tubes for Producing. [R 25, T 27 , 29, 82, 84 and 85.] 

X-Rays, Wave Length of. [W 2.] 

X-Rays and Wimshurst Machine. [E 8.] 

X-Rays with a Wimshurst Machine. 0. Lodge. Nature, vol. 55, 
p. 100. 17 

X-Ray Work, Form of Tube for. [T 27.] 



Zeeman, P.: The Influence of Magnetism on the Nature of 
the Light Emitted by a Substance. Phil, Mat/,, vol. 48, 
p. 226. 1 

A Paper read before the Royal Academy of Science, Amsterdam, Oct., 1896, 
The author caused a beam of light to be passed through a heated tube con- 
taining sodium vapour, and which was placed between the pointed poles of a 
powerful magoet. The spectrum bands under these conditions peculiar to the 
substance emitting light were broadened by the action of the magnet. 

Zenger, G. V., on Production of Silhouettes by Rontgen Rays. [P 85.] 
Zinc Sulphide, Phosphorescence of, in Grookes Tube. [P 10.] 
Zoth, 0. : Eahlbaum's Air Pump. [K 1.] 
Zoth, 0. : Opacity to X-Rays. [0 8.] 
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ThU work wan originftlly meant to be b contiuunUon of the seriea " Elactromagnetic Indue 
__ iu Propagition," published in The Eltclriclan in 1885-6-7, but left unfinished. Owing, b 
i«ftr to the necessity of much introiiuotoiy repetition, tliia plan was at once found to be ioipM 
tin*, and was, by request, greatly modified. The result is something apjxoMhing > com 
tNkliw on oleotrical theory, though without the strict formality usually aaosiat«d wit^ a bW 
^a following are some of the leading points in this volume. The first chapter is introdactofy. 
Hoonaoonaislsbf an ouUiiia scheme of the fundamentals o'f electromagnetic thpbry from the ^M 
lUxwell point of view, with some small mo'diScations and extenaions upon H&xwell'* eqiW 
Vb» third chapter is devoted to vector algebra aud analysis, in the form used by me in mjrMC 
||ptn. The fourth chapter is devoted to the theory of plane electromagnetic waves, and, beingmii 
BScriptiTe, may perhajn be read with profit by many who are unable to taclcte the maU wmli 
tbeory comprehensively. It may be also useful to have results of mathematical reasoning efflffi 
lo'to ordinary language for the benefit of mathematicians themselves, who are sometimes'too W 
,Wwk out resDlts without a sufficient statement of their meaning and effect. ■ But it ie oalril 
fly^tbry to plane waves. I have included iu the present volume the application of the tlwq 
l;dttplei form) (u straight wires, and also an auuount of the effects of self-induction and IhM 
ariuoh are uf some signiflcaiice in pi-esent practice as well as in possible future developments., fl 
luve been some very queer views promulgated officially in this country concerning the speed*] 
-^ — ^nt, the impotenfo of Belf-inductioh,"and other materia! points concerned. ", 

Vol. n. nearly ready. ' 



■lOOND nauc. 'SrO'p'a.jeH, 150 illustralions. Pries IQs. M-, post Irte. 

'MAGNETIC! INDUCTION IN IRON AND OTHER METAS 

Ev J. A. EWINa, M.A., B.Sc, 

Profeiior of MecJtanitm and Applied Mechanici in the Univeriity of Camiridgi. 
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gIBBijnology, an account is given ol the methods which are usually employed to meaann ' 
augnetio quality ofmotala. Siamples are then quoted, showing the results ofEuchuieasardM 
lot various speoimensot iron, steel, nickel and cohalt. A chapter on Magnetic Hysteresis Idto 
jyul then the distinctive features of induction by very weak and by very strong magnetis 1m 
, HNi aeparalely described, with further description of experimental methods, and with oddilii 
'Wimedcal results. The influence of Temperature and the inHuence of Stress arc next dlsoH 
The ooneeption of the Magnetic Circuit is then explained, and some account is given ot.l^ 
^anants which archest elucidated by making use of this essentially modem method of IreoM 
'^Tha book concludes with a chapter on the Molecular Theory of Magnetic Inductioi^qjj 
opportunity is taken to refer to a number of miscellaneous experimental facts on wl^B 
. molecnlar theo r y has an evident bearing. . ;i|. 
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NEW EDITION — Almost entirely Rewritten, and broui:lit up to date 
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THE ALTERNATE CURRENT TRANSFORM Eh 

IN THEORY AND PRAOTIOE. 

By J. A. FLEMING, M.A., D.Sc., F.R.S., M.R.L &a, 

Professor of Electrical Engineering at University College, London, 

In the seyen years which have elapsed since the first edition of this Treatise wag published, the ■tu^jM 
the {.roperties and applications of alternating electric currents has made enormous progress. . . » .. iKi 
AUthoi has, accordingly, rewritten the greater part of the chapters, and availed himself of various crlticisnu 
with the desire of removing mistakes and remedying defects of treatment. In the hope that this will be foum 
to render the book still useful to the increasing numbers of those who are practically engaged in alternating 
current work, he has sought, as far as possible, to avoid academic methods and keep in touch with fh 
necessities of the student who has to deal with the subject not as a basis for mathematical gynmastics but witi 
the object of acquiring practically useful knowledge. 

SYNOPSIS OF CONTENTS OF VOL. I. 
OHAPTER I.— Introductonr. 

Faraday's Electrical Researches— Early Experiments on Electro-Magnetic Induction— Faraday's Bioj 
Coil— Mutual Induction of Two Circuits -Faraday's Theories— The Induction of Electric Currents— Faraday* 
Lines of Force— Joseph Henry's Discoveries— The Production of Electric Currents by Magnets and Motion. 

OHAPTER XL— Electro-Magnetic Induction. 

Magnetic Force and Magnetic Fields -Peflnitions of Magnetic Qnantitles— Magnetic Force near Conductor 
—Typical Cases— Magneto- Motive Force and Magnetic Induction— Magnetic Potential— Tubes of Magneto 
Induction— Faraday's Law of Induction— 1 he Magnetic Circuit— Magnetic Resistance and Reluctance— Curves o 
Magnetisation -Determination of Permeability— Magnetic Hysteresis— Dissipation of Energy by Bysteresis- 
Variation of Hysteresis with Temperature. 

OHAPTER III.— The Theory of Simple Periodic Currents. 

Variable and Steady Flow— Current and Electromotive Force Curves -Simple Periodic Carves— Componn< 
Periodic Curves- Fourier's Theorem- Mathematical Sketch of Fourier's Theorem— Analysis of Complex Corves- 
Simple Periodic Currents and Electromotive Forces— Mean-Square Value of a Periodic Current— Inductance ant 
Inductive Circuits— Faraday's Experlmenls on Self-Induction -Electro-Magnetic Momentum- Coefficient a 
Self-induction— Electro-Matt net ic Energy— The Unit of Indnctance-The Current Equation -Logarithmic Curra 
—Time Constant of a Circuit- Instantaneous Value of a Periodic Current— Graphic Representation of Periodic 
Currents— The IMean Value of the Power < f a Periodic Current— The Theory of the Wattmeter— Impedance o 
Branched Circuits— Mutual Induction ( f Two Circuits— Ttie Flow of Periodic Currents in Clrcuitg having 
Capacity— Shunted Condenser in Series with Inductive liesistance— Representation of Periodic Currents bj 
Pobr Diagrams -Initial Conditions on Starting Currents in Inductive Circuits. 

OHAPTER IV.— Mutual and Self-Induction. 

The Researches of Joseph Henry— Mutual and Self-induction— Induction at a Distance^Inducet 
Currents of Higher Orders— Induction Effects by Transient Electric (urrents— Theory of Induction Coil- 
Experimental Confirmations— Duration of Induced Currents— ^Magnetic Screening Action of Metallic Masses* 
Sonometer and Induction Balance— Transmission of Alternating Currents through Conductors- Prof. Hnghei 
Expenments — Distribution of Alternating Currents in Conductors — Electro-Magnetic Repulsion — Elihi 
Thomson's Experiments— Electro-Magnetic Rotations— Grow tn of Magnetic Induction in Magnetic Circuits- 
Symmetry of Current and Induction. 

OHAPTER v.— Dynamical Theory of Induction. 

Electro-Magnetic Theory— Electric Displacement— ^laxwell's Theory— Displacement Currents and Dia 
placement Waves— Mechanical Illustrations— Theory of Molecular Vortices— Comparison of Theory an( 
Experiment— Velocity of Propagation of Eltctro-Magnetic Disturbances-Values of " v "—Vector Potential- 
Electrical Oscillation— Discharge of Leyden Jar— Tlie P'unotion of Condenser in the Induction Coil-^Tb 
Alternative Path Experiments— Impulsive Impedance— Ileitz's Researches— Resonance of Circuits — Interfereno 
Phenomena— Identity of Light and Electro-Magnetic Waves— Confirmatory Experiments— Experimental Deter 
mination of the Velocity of Propagation of Electro-Magnetic Waves— Recent Views. 

OHAPTER VI.— The Induction Coil and Transformer. 

Oensral Description of the Action of the Transfoimer or Induction Coil— Experimental DeterminatioB-o 
t]ie Form of Current and Electromotive Forre Curves- Curve Tracers— Discussion of Transformer Diagrams •< 
Current and Electromotive Force Carves in Various Cases— Harmonic Analysis of Transforuier Curves— Cuiye 
of Magnetic Induction — Power and Hysteresis Curves— Experimental Determination of Iron Arc Losses' i] 
Transformers- Practical Use of the Wattmeter— Efficiency Curves of Transformers — Secular Change fi 
Hysteresis Loss in Transformers— Current Rushes into Transformers at Moment of Making Connection with tb 
Circuit — General Theory of Transformer Action— The Power Factor— Importance of Large Power Factor— Opei 
and Closed Circuit Transformers— Regulation and Secondary Drop in Transformers— Magnetic Leakage— Contn 
of Copper and Iron Losses in Transformers— Heat Radiation from Transformers— Transformer Specifications. 
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m ALTERNATE CURRENT TRANSFORMER 

^ IN THEORY AND PRACTICE. 

By J. A. FLEMING, M.A., D.Sc, F.R.S., M.R.L, &c., 

Profeesor of Electrical Engineering in University College London. 

SYNOPSIS OF CONTENTS OF VOL. 2. 
)BSAP. L— Historical Development of Indnction Coil and Transformer. 

- The Evolution of the Induction Coil — Page's Researches — Gallon's Induction Apparatus— 
jeon's Induction Coil — Bachhoffner's Researches — Callan's Farther Researches — Callan'i 
,t Induction Coil— Page's Induction Coil— Abbot's Coil— Automatic Contact Breakers— 
nkorfPs Coils — Poggendorff 's Experiments — Stohrer's, Hearder's, Ritchie's Inductioi: 
,paratus— Grove's Experiments— Apps' Large Induction Coils — JablochkofE's Patent — Fuller'e 
liansformer — Early Pioneers — Gaulard and Gibbs — Zipemowsky's Transformers — Improvement 
bl Rankin Kennedy, Hopkinson, Ferranti, and others — The Modern Transformer since 1886. 

DHAP. II.— Distribntion of Electrical Energy by Transformers. 

I Detailed Descriptions of Large Alternate-Current. Electric Stations using Transformers k 
Paly, England, and United States— Descriptions of the Systems of Zipernowsky-D^ri-Bl&thy 
Westinghouse, Thomson-Houston, Mordey, Lowrie Hall, Ferranti, and others— PUns, Sections 
IQd Details of Central Stations using Transformers — Illustrations of Alternators and Transformer! 
D Practical Use in all the chief British, Continental, and American Transformer Stations. 

OHAP. ni.— Alternate-Cnrrent Electric Stations. 

General Design of Alternating-Current Stations, Engines, Dynamos, Boilers — Proper Choie< 
d! Units— Water Power— Parallel Working of Alternators — Underground Conductors— VarldUl 
lystems — Concentric Cables— Capacity Effects dependent on Use of Concentric Cables^Phenomeni 
Df Ferranti Tubular Mains — Safety Devices — Regulation of Pressure — Choice of Frequency- 
Methods of Transformer Distribution— Sub-Stations — Automatic Switches. 1 

OHAP. IV.— The Constrnction and Action of Translormers. 

Transformer Indicator Diagrams — Ryan's Curves — Curves ^f Current — Electromotive Foroi 
ind Induction- Analysis of Transformer Diagrams — Predetermination of Eddy Current fui( 
Hysteresis Loss in Iron Cores — Calculation and Design of Transformers — Practical Predetermina 
tion of Constants — Practical Construction of Transformers — Experimental Tests of Transforlndri 
—Measurement of Efficiency of Transformers — Calometrio Dynamometer and Wattmeter Methodi 
—Reduction of Results. 

OHAP. v.— Further Practical Application of Transformers. 

Electrical Welding and Heating Transformers for producing Large Currents of Low Electro 
totive Force — Theory of Electric Welding — Other Practical Applications — Conclusion. 



PRESSS M-OGDICESS. 

*' In reviewing the Brst volume of this work we found much to admire and praise, much to raise hig] 
vpectations for the volume which was to follow. These expectations have by no means been disappointed 
1^6 new volume is in many ways of even greater interest than its predecessor." 

Professor Silvanus P. Thompson in "TAe Llectrtcian." 

*• The book is really a valuable addition to technical literB.tvLTe."— Industries, 

" A valuable addition to the somewhat meagre literature on a subject which is sure to grow in importance 
ind we congratulate Dr. Fleming on his work."— The Engineer. 

"Le sujet traits par le Dr. Fleming est uu de ceux qui, pour le moment, attirent I'attention g^n^rale soi 
nvrage est certainement un des pins importants de la litt^rature ^lectrique. Tons les probl^mes relatifs I 
^application des courants alternatifs y sont trait^s avec une tr^s grande competence et de plus avec una dart 
It avec une precision sans ^gales. Nous ne pouvons done que recommander vivement cet ouvrage h, rattentioi 
le tous les ^lectriciens."— La Lumihre Electriqve. 

" L'ouvrage de M. Fleming est une oeuvre vraiment pratique qui doit rendre k Tindustrie de grands service 
}ftr I'amas de renseignements qu'elle contient." — L'fndtistrie Electrique, 

•'■' " Das Fleming'sche Werk fiillt entschieden eine Lucke in der Literatnr ani nnd kmnn dnrchaus empfohlei 
tndeii."—Elektrotechnische Zeitschri/t. 
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ELECTRIC MOTIVE POWER. 

Bt ALB:0>" 7 r-fV.-:!:-. JLtyy^iLLv-i-CE., 3I.I.E.E. 

The rifiid spnM.t rf tltcir-'jtl » •. ri .-. 'j^JLitr^trt :•..•« *•. c *.'**»•_«* Lm vrti:*-i ^ •ic::::iL:; i for a practlca 
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tt saining cngiitafT ; tl*.i««r ii<» tr *«.::: .v.: «bt tk'.^;,-rAC fvi tv!y.-:*;i«*.«, orf*. «ufrii^riittii«J7. and power wv>rli 
Me regarded aa fafaeeri ,>t^: v. il.> *. i.tr«;j .-. -.? J jrii..'./ J .^<; A .v.'.f La* ttlx *.L« want <.f Buch a book iu dealiuj 
with hit clieDli and ''*.2i*Tt t.i^i . 1 JLii.'.-? ^ : -. b: \n : • t ¥-, * Efc Lu tL'i^aivourtd to supply it. 
'. In the Introd^rSu'i \ia 1:=^::-.^: *.:•'.'. .v.'.t u kf.4 t:Mer<tikl« cf a power plant are analyseii, and In he 
nbeequent chaptcm iz-i ir.wf? ^jlli _« •r<:»i4<} *>r.t/.';t:'Mijj}r. 7'Le 'Jynar;.o, mot^^r. line, and details ar« 
~~ m^edboth aa to fii.'.'V».c a.:.? cwari 7 : ^ t*.n'/*iM fe>c*^r/.ii of trafjcujittlng and distributing power by cou 
inooiandalterubLfe tr-^T'ri.u u*t 5 *...'> huIxj-^k^ '*\ytu ^lA riiuch pra/.tical information, gathered from actual 
B^ieilence, ii distri:r-.:t«>c -.rj-Lx: '.Lt vit\',ji ci^itUjiit. 'il-*: Ik«t two chapters deal exhaustively- with th« 
mpUeationi of electr.'.;:? f, .-.-.; iJi.? »o*j£ i.\ Oft»l Jsrit^in, the Continent, and Ameiica, particularly with 
trnmnot to coLieiiei k.r.^ -.',•«: -:^ett2b«, aju*! the letulVfe of the extensive experienc gained in this field ans 
smbodied. 

In general, the A:;tL--rt kia- i.w >^erj V/ ;r1ve a fcouud dfjjest of the theory and practice of he elei^trloal 
tnuumudon of power. wLicx. will tas 'A real ute X/t the pra<;tical engineer, and to avoi controversial tH>luti 
irUch lie in the prorii.oe of tLe «x^':LaJi*t, and eleujeutaiy proofs which proper belong to textbooks on 
riecAridtj and magnetism. 



To meet the cc nvenience of Continental readers and others, the Author hiM pn^iuinHl 
in tabular form and in j^anillel colutuns the working equations useii in this wt>rk in kiwi 
^fumd-miimU and ceritimeire-fframme-seccmd units, so that they may ho roadily unihI in 
PSier q^ems. 

,r.- This Table is supplied by the Publishers on good paper, iu oonvoniont Umn fur 
Eeepiog in the book, at la. per copy, post free. 
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NOW READY. Prue SMm^ pogt free ; nhnjad, 5S. 6gI. ISO pages and over 100 illtbttrationk 

THE LOCALISATION ^ FAULTS IN ELECTRIC LIGHT MAIL'S. 

liy F. CHARLES RAPHAEL. 

Althoui^h til? locali-atiou of faultrt in telegraph cables has been dealt with fully in several 
haud-bo(»kii uii«l piK-koi -bonks, the treatment of faulty clcctic light and power cables has never beea 
ilii4CU8ded in an oiuaily comprehensive manner. Beyond a\few short articles wliich have appeared 
in the techniciil journals from time to time, nothing has been written on the subject. ThecoD4& 
tions of the problems prcscntctl for solution are, however, very different in the two cases faults in 
telegraph cables are seldom localised before their resistance has become low compared with the 
resistance of the cable itself, while in electric light work the contrary almost always obtains. Thii 
fact alone entirely changes the method of treatment required in the latter case, and it has been ths 
author's endeavour, by dealing with the matter systematically, and as a separate subject, to 
adequately till a ^np which liius hitherto existed in technical literature. 

The various methods of insulation testing during working have b3en collected and diacuaaed, as 
these tests may Im- ronsiilered to belong to the subject. 



NOW READY. Price es.^ post free ; abroad 6S. 6d. 

THE POTENTIOMETER AND ITS ADJUNCTS. 

(A UNIVERSAL SYSTEM OF ELECTRICAL MEASUREMENT.) 

By W. CLARK FISHER. 

The extended use of the Potentiometer System of Electrical Measurement will, it is hoped, be 
sufficient excuse fur the publication of this work, which, while dealing with the main instrument, 
its construction, use and ca|)abilities, would necessarily be incomplete without similar treatment (i 
the various a]>])aratus which, as ailjuncts, extend the range and usefulness of the whole system. 

Electrical testing may be said to have passed tlu*ough two stages. First, that whicti may bs 
called the elementary; in which first principles were evolved ; secondly, the adaptation of the sama 
to the needs of the telegraph and cable engineer. But with the advent of electric lighting and 
other undertakings, such testing might be said to have jiassed into the third or practical and ooB' 
mercial stage, where large ([uantitics have to be dealt with, and where the old order of tbinp 
changeth. 

The engineer or practical man demands that he shall l>e shown results quickly, plainly and 
accurately with a minimum of trouble, understanding, and consequently "Time," and on that 
account prefers— like all good nieclianics — to have one good instrument, which, once understood 
and easily manipulated, can be used in a variety of ways to suit his needs. It is to this fact un- 
doubtedly that the " Potentiometer " method of measurement owes its popularity. Its aocnnqf 
is rarely, if ever, iuipungcd. Measurements mode by it are universally accepted amongst engtuaani 
and it might be well termed a " universal " instrument in " universal " use. 



Over 400 pages and 200 specmVy drawn Illuttrations, Price 12fik ^^•fPoH/ree. 

SUBMARINE CABLE-UYING AND REPAIIimG 

By H. D. WILKINSON, M.LKE., Ac, Ac. 

This work deacribes the procedure on board ship when removing a faalt or break In a sabHierged oaki 
and the mechanical gear used in different vessels for this purpose ; and considers the best and mon 
practice as regards the electrical tests in use for the detection and localisation of f aolts, and tiba 



^fficnltiea that occur to the beginner. It gives a detailed technical summary of modem nraottoe In Mf^ 
factoring, Laying, Testing and Repairing a Submarine Telegraph Cable. The testing section and dstaDj^ 
boardship practice have been prepared with the object and hope of helping men in the pable serrlees wha-Mi 
looking further into these branches. The description of the e<iuipment of cable ships and the mahhanlflal IMl 
electrical work carried on during the laying and repairing o( a submarine cable will also jpiore to inipi^Ml 
directly engaged in the profeasion, but nevertheless interested in the enterprise, a means of tnfbrming flJUfr 
selves as to the work which has to be done from the moment a new cable is projected until It Is snooaMijIlf 
laid and worked. —^ 

- . -The-Chapter on " Testing " is especially valuable and up to date. '? 

1, 2 ar isbury Courl; Fleet Street, London, E.Ci 



OvtT 300 pages, 100 Uluslrolioni. Price lOs. 6d., pnftfi-ef. 

he ART of KLECTROLYTIC SEPARATION of METAI 

(THEOEETICAL AND PIUCTICAL). 
By GEORGE OORE, LL.D., F.R.8. 

TBE ONLY BOOK ON THIS IMPORTANT SUBJBCT IN ANY LANGUAOKI 
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__ SYNOPSIS OF CONTENTS. 

I8T0EICAL SKETCH. 

DiaooTery of Voltaic and Miigneto-Electricitr— Ficat Appliuation of Eleotrolyafl 
"-ing ot Copper— List ot Electroljtie Befinariei. 

EQRETICAL DIVISION. 

^^ ; Chief Electrical Facli and PrindpUa n/ the Subjeet. — Electric Polarity s 

[notioii, Quantity, Capacity, Potentinl— Electratnotire Toroe— Electric CnireDt— Gondaat! 
1 bianlatioQ — Electric Conduction HesiBtance. 

Bttotion B.: Chief Tliermai P/ieimnwiio.— Heat of Conduction ResiBtance — Thermal DnI 
mbola, and FotmuliB. 
'' Seotlon G. ; Chief Chemical Fact/ and Principlei of the Subject.— E^plioiaUon ol Cbumi 
*°nkui — Symbola and Atomio Weights — Cbeinioal Formulie and Molecular Weights — BalatloD 
i to Chemical Action. 

Baotlon D.: Chief Facta of Chemlco-Electric or Voliaic J e lion .—Electrical Theory 
mistiy- BelatioD oE Chemical Heat to Volta Motive Force— Yolta-Electrio Belationa 
bIh in Electrolytes — Voltaic Batteries — Belati^a Amounts of Voltaic Current produced 
.t Metals, 

JBeotionE!.; Chief Facta of Eleelro-Chemical Action. — Definition of ElectTolysis--<Arraii 
' I for Prodncing Electrolysis — Modes of Preparing Solutions — Nomenclature— Phy si 
__iore ol Electro- Deposited Metali — Incidental Phenomenn attending Elootroljais — Daoo 
(kbUity dI Electrolytes- Electro-Chemical E^uivalenta oE Substances — Consusiption of Eled 
mgj in Electrolysis. 

.BflotlonF.; The Generation af Electric Ciirrentt by Dynamo Ifneliinei.— Definition ol 
a and of a Mngnetia Field— Electro- Magnetic IndnatioD— Lines of Magnetic Force. 

UOTICAL DIVISION. 

Baotlon G.: Establishing and Working an Eleetroli/ticCo^eTEefinery. — PlsjiniiigaBeflni 
mis of Dynamos Employed — Choice and Care of Dynamo— The Depositing Room— The Ti 
ha Electrodes— The Main Conductors — Expenditure oC Mechanical Power and Elect 
tgy — Coat of Electrolytic liefining. 

ItwtlonH.: Other Applications of ElectTolysi$ in Separating and Refining Mttali. — Eli 

rtio Befining of Copper by other Alethods— Extraction of Copper Irom Minerals and Hina 

en — Eleotrolytio Behning of Silver Bullion and of Lead — Separation of Antimony, of Tin, 
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-Electric Smelting. 

Appmdlx.— Useful Tables and Data. 



Second Edition, price ZA.,postfree, 

ELECTRO-CHEMISTRY. 

By GEORGE GORE, LL.D., F.E.S. 
This booh contains, in syElematio order, the chief principles smd tacts of electro-chcmisti 
is inlonded to supply to the etudent ol eleotro-plsting and electro-metallurfjy a aoientiflo bai 
^Ipon which to build the additional practical knowledge and experience of bis trade. A scientil 
foundation, such as is here given, of the art ot electro -metallurgy is indispensable to the aleotl 
depoeilor-who wisbea to excel in bis calling, and should bs studied previously to and simi 
-tftneonBly with practical working. As the stody of electro-chemistry includes a knowledge n 
"' ' o( the conditions wider which a given substance is electrolytically separated, but also of tl 
roiytic effect of a current on individual compounds, both are described, and the series 
treated in systematic order. An indinpeiisable hook to Electro-MelalliiTgisti . 

^^^nd 3, Salisbury Court, Fleet Street, LQVid^T^, t.^. 
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Electrical Laboraton' Notes & Form% 
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1,. . ],»'. ..k' .i> N .•«■- ar..; K.. -::.•. "'.LTt ••sipi irerifcre-z :■: usi^: Teachers, DemoDBtnton 
k.. 1 .u-.:'..-! ii« *■•■*■ "i'»' I-ary.r^v.n**. t:. i : . tofc'.-j* liit T«*cbeT to economise time. Thej 
• -L-i-i : ■» ■■•.•■.» ■■! i'-'i', Tw^.MT ?: '.-^*-L*-*.rT hzji k.:oui Twenty Advanced Ezerdiei 
I., I'la '. .. J. • i«* *i M ••.»';. I r»-iij»rrjt* if. 1 T»*:;rj. F.c ea:'r. :•: these Ezercues a four-page Report . 
;ihi:«:i Ka! ■'•' »• |i« j..»n-l. li** I'Jtif'ri ',f wL;.:. *r*r •:■:-::*£ with & o^ndensed account of t]be theoiy i 
.*..'! ,.a :. ■»! mil" iiM.i f .1 |*rf'irK.iL^ ■•.• :»k':ir--".^r Hxi^riraent. the other two pages beinf' 
iu!«. I -.,■ . . •"•I'l ■••I'luiii-, '■* ^'«: f.'.'.'ri ':•- '• y :ii* .>:uies: with the observed and calculated 
i-i ii.iii.' v NVliM Tiiii|.:»! i\iiit.'i Mut will k^j.'-: :r.e S:..o«-d:. these have been supplied. These 
i;^,., ,., ... 1.1 ihij iii-u i'*iit l..i.-:*r*i r. :Le rjeiLids in use in the Electrical Engineering 
l^iti I. it ■IK • 1 I iii^i:i'iity <'>'llf»ffT, Ijjti'ljii : l>ut their arc {lerfectly general, and can be put into 
I lin ih •■ iu .ii»» l.ii-. iM«i»l Liliiiiit'iry. 

ilu< li I "I til 1.1 iii|>|ilii!il «'iih<T li'iuvly at 4d. sett, or at Ss. Od. per dozen nett (assorted or 
..ti,. .»%,,• .11 M luiii-l . Hi ««'i.i iif sny liiree at la. ncrt : or the set of (about) Twenty Elementary 

., \ I : i:i-i.iM-.n luii \>i: obtiiinefl, price 5*. Od. neit. The complete set of Elementary 

..u 1 \ I. >•• > > «< <■ >^« > '■<* l">*'<: lOs. Bo. ne::. or in a handy Portfolio, 128. nett, or bound in 
li .,, . !..||. . I • , I'll'!-. 12a. 6d. li<;tL. 

'•|.,u< I ■.'•>■: ill- 1 .'Shii-i t f<ir <)lMi-rvatiou.'<, price Id. each nett. 

ill ii^, r..i I loli-o, (iiii-n la. 6d. f;a(:h. 

Ill wu t.i I |U.ility foiiliifiip sectional p&|jer 16in. by 13in.) can be supplied, price ll> 
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I I .. I , I . . I 11 -I \Li.;iit Ml- KirlilK. 

ii, \ii..ii. II' I I. Ill xl a i iiruliirCiirrtMit. 

1 1. I ... 1... li li I -II I .t I liiiKi-iit Uiilvniiiiinetor by the Water Viiltamet-er. 

, ii, \|. . i.i. ,.i. Ill ■( Ml > nil 111 Ui-niiituiii'ij hy the Divided Wire Bridge. 

II, . , III I, II.., -iili I'l.tlli.itir liiihmioiiH'tcr. 

.1. i> t . .ii..(i .1 -I M.i„iirlu- tirhl SlruiiKth. 



■ ' t. iDi . Ill l.it.l M.i^lii-ttf KiitlilH 



I , I .1... 11 I I II I .1 I •.■• >l Ul>|i,l 

1 1. !• I . .11 . I III M.i.;iii-.iii^ Klfhl In Air napdf an Eleccro-magDet. 

I i> I .11 I. I K. 'iti.iiii o with t hi) I'oHtOfUcu Pattern Wheatatune Bridge. 

, I- I . !: <. I I'.-i.iiii.kl 1 M It I- If I u-« by the Potentiometer. 

ii .1 '. : 1 1 iiiiiui ii> iho I'liti'UliiiUiuter. 

VI ii . li i. ii I. I I'liitiiiv I'Kktti'ry. 

I i. I ... I.I I III . I I N ■■Uiui-u-i h> tho I'otentlometcr. 
,. I I. I ... I : I.I nil. i'ii.>ii it -lit liK-aiuii'Hctuit Lamp. 

... I- . Ml. V>.. •ipiiv 11 I'liM fill of Seini-Transpareut Screens. 

. i lit u il. . ttw. I'liMci- iif VHrloiis Surfaces. 

■ . .-. > I . •. I !. I k u .il tliUi. u*iK-y of an Electromotor by the Cradle Method. 

..I ( .'i I. ;ri u-K> ii( ail Kloi'tnmiotor by the Brake Method. 
I. . k - . r. ..t,u, I \l..i.ii iK-iuTator Plant. 
Ui I.. I- 1 1 L\viuiitu> Plant. 



I • ■ 1 



1 i< i; . .-.i^iii it> of a Sample of Metallic Wire. 

• 1. '.: ....••> I hi- l\>ti'utionieter. 

\ K ■. -.1 111. 1,-3 

V '. ■. '».» i\'i»i'ii iv^K^it. 

. \ ' « ' .1 i?4. l\'iviiii\inu'ter. 

V •' • I '■> 1*1. I't-Uiiiivimftor. 

» . ■' ivi.i. i''i!u> vi a Sample of Iron. 

' ■ ;•'.. .' V'. ...ici". 
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bTICAL NOTES FOR ELECTRICAL STUDENTS^. 

LAWS. UNITS, AKD SIMPKE MEASUBINa mSTRUUENTS. - ■ 

By A. E. KENNELLY and H. D. WILKINSON, M.I.E.E. ^ 

faiB work ia clearly and eonclaely written and fully illuatrated, and deals 
—Early Ideas about Electricity, Batteries, Electromotive Force and Potential 
Blance, Current, Current Indicators, Simple Tests with Indicators, Calibration 
j'urrent Indicators, and Magnetic Fields and theii Measurements. 



Pvlly lUuslraCed. Friae 7b. Sd. , paii free. 

DRUM ARMATURES AND COMMUTATORS 



By F. MARTEN WEYMOUTH, 



^gUiSS TEL.BORAPHY. 

NOW READY, FMv Itttufattd, Ooth gUt Pria Zs. Bi. neCt; poa/me 2s. Bd. 

JHE WORK OF HERTZ 

AND SOME OF HIS SUCCE880RS- 



By Dr. OLIVER J. LODGE, F.R.S. 

■ii]ted.iriUiOorTect[DiutaTeit*ndtlliutrntlDii3,nndAiiaitJuus,w[thSTEEI-FLATIIFOBTKArTFronlbpleott 



he Bibliography of X=Ray Literature 
and Research, 1896=97. 



k Edited by CHARLES E. S. PHILLIPS. 

ftn Hiatorioal Retroapect and a Chapter, " Practical Hints," oii X-Ray work by the Editor. 

It la Intendsd to publiab this Importsat Bibliography snnUBlly. In ill diHg when a lilstinct idnnce I 
le by Brilieh or Foreli^n invcatlgatnni [Dto tbe Scieace BOd ApplluEiom of KwUoEraphy, a brief Digest ia 
D to blip the revler to lorm In opinion as to tbi ground coicred b7 that vorli, and bo to reduos the 
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INCANDESCENT LAMP AND ITS MANUFACTURE,! 

nv GILBEUT S. RAM. 
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A LARGE=5HEET TABLE, 

ffiviiik' full |i:iri' .1.11- *• ■• -.'x *:p; •> "^ititi'iia throughout Great I5ritiin up t«j January, 1697, ciBte , 

'•l)i:ii!,L-<l jn->i!,i. . -• • • ' ■■ .'.h • :'.':■■• l:fiii.;i!i}:. Price : V;iriii>!ieil. te. ; I'nvarnlshed, St. 14— • 
••acti |i..ii fniv \ "!::'.•■:. »::.j j *itl .i..* ff I'Mvindal Supply Stati«»na and .Systems of Snp|lK ^ 

U jn<uul«:<i ■11 111- ■ I K ■■! :!. • 1.I-' n:-'].::''- f thf^if, complete, p<.i«t free, is 68. 

JFURrrHSR TABlLiJBS 
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^ECTRiC CURRENTS. By Prof. E. J. Houston, Ph.D., a 

^B_ A. E. Kenni^lly, fi.^c. is. 0.1. 

[NAMO-ELECTRICITY : Its Generation, Application, Transmission, Ston 

^^^ and Mflaau tunic nt. ByG. B. Preicolt. 64S llluatrallone. £1. Is. 

HE ELECTRICIAN" PRIMERS-s« pcy^e 5. 

E THEORY AND CALCULATION OF ALTERNATING UURREt 

' PHENOUESA. By C. 1'. Blelnmeli. CloLli liia. na. 

iTAMG MACHINERY AND ALLiED SUBJECTS (ORIGINAL PAPEl 

OS). By Ilr. John HopklMon. Ba. 
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HOW TO BUILD DYNAMO-ELECTRIC MACHIXKkV. ByErl.Trevert. IOb.64 
THE I'RACTICAL APPLICATION OF Di'NAMO ELECTRICAL MACHI- 

NKRV. h! C, K, MflcKailJon and Wni. r. Uiw: a. U.l. ■'i, 

PRACTICAL NOTES POE ELECTRICAL STUDENTS— «« pa?« JA ii 
CONTINUOUS CURRENT DYNAMOS AND MOTORS. An ElemenlUB 

ELECTRIC HKATINO.* By Prof.":. J.' Houston, ami A. E. ICenneliy. Clolh. WtS 
THE INCANDESCENT LAMP AND ITS MANUFACTURE— wr pay* «, 

ELECTRO MACNKITSM. By Prof. E. J. Houston, and A. E. Kennelly. it.Qi.. , 
THE DYNAMO: he Theory, Design and Manufacture. By C. C. HawKw 

A.M.Ii<>l.C.E.,inclF Wtkll'i. .Seouii't E>]lti<>n. 1<Xi. ed. 

ARMATURE WINDINGS OF ELECTRIC MACHINES. By H. F 

rxnhalUndB.U.IloLiitt. Liirge4ti>. HO lUuBtraUoni >Di C^ fulJ-page tablet. 3D>. putt tree.— &«««» 

ELECTRIC AliC LIGHTING. By Prof. E. J. Houston, Ph.D., and A. B 

ELECrRYc*''lNCANDESCENT LIGHTING. By Prof. E. J. Houston, Pb.D„ 

THE ELECTrTc MOl'OK." By Prof. E. J. Houston, Ph.D., and A. E. KeDnellj 

DRUM "aRMJILTURES AND COMMUTATORS— »e pai^e J^. 
PRACTICAL MANAGEMENT OF DYNAMOS AND MOTORS. By F. J 

dynamo' attendants "and "their' dynamos. By Alfred H. Gibbinge 

ELECTRKIAL ENGINEERING FORMULiE-s« paqc 5. 

dynamo and motor building for amateurs. By 0. -S 

ELECTRaDYNAMtc MACHINERY. By Prof. E. J. Houston, 



h.D., Tt* 



TRANSFORMERS FOR SINGLE AND MULTIPHASE CURRENTS. 

ELECTRO-mTgNETISm''''aNd""tHE CONSTRUCnON OF DYNAMOi 

A DIQEST^0F°THELAW1)F ELECTRIC LIGHTING, Ac—SMpageS. 
THE MANUFACTURE OF ELECTRIC LIGHT CARBONS-see pagt 1: 

ELECTRICAL POWER TRANSMISSION. By Louis Bell, Ph.D. Ua. 
PRACTICAL DIRECTIONS FOR WINDING MAGNETS FOE DYNAMO! 

Br Carl Uering. is. M. 

THE STEAM ENGINE INDICATOR, AND INDICATOR DUGRAMS- 

ON TlfE" DEVELOPMENT AND TRANSMISSION OF POWER FR6] 

CENTRAL STATlO.Na. By Prof. W. C. XIliwLu. lOs. nett. 

ELEMENTS OF CONSTRUCTION FOR ELECTRO-MAGNETS. By ConBt d 

UoDcel. TranaUUdbFC. J.Wharton. it.tA. :<' 

APPLIED MAGNETISM. By J. A. Kingdon, B.A. 7a. 6d. /( 

ELEMENTARY PRINCIPLES OF ELECTRIC LIGHTING. By Alan A. Oa«j 

D7NAM0°C0NSTSuCT'lbN : A'p'ractical Handbook for Engineer Constructtj 

ELECtMc lIgHTInS' and" TRAN^mSsToif oTpOWER. Edited by tl 

Atlgcnieine Electricitilts-GeBellauhafl, Berliu. 12i. ed. 

ON THE CALCULATION OF NETWORKS FOR DISTRIBUTION 

POWERBYCOSTINUOUSANDALTERNAriSacUREENTS. By H. CahoB. Gemiaii EdiOon. lift 

ELECTRIC LIGHTING AND PuWER DISTRIBUTION: An Elements 

MatiuftlforStQdenU. By W. PsTren Maynnok. Third Edilion (In two voU.l. Vol.1. «>. > 

POLYPHASE ELECTRIC CURRENTS AND ALTERNATE CURIUUT 

C0Nt1nEn\aL ELECtIuc'^lIgHt"^^^ STATIONS. By Killingwort 

Hedges. 1 6 J. 

DYNAMO-ELECTRIC MACHINERY : A Text-Book for Students of HeoMt 

TtctanDlogy. By SUyanni P. Thompaan, B.A.. D.Sc, K.I.E.E., P.K.B Flltb Edition, nilHd^ 
^ . enlarged. Cloth, £04 pagei.ig Igtitlng plates. 49SlllDitratiaDS In tell. 918. po>t tree. 
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ffiOEETICAL ELEMENTS OF ELECTRO -DYNAMIC MACHINERY. 

y Vd1.1. BjA.Kaunellj'.F.B.A.B. ii.M. 

JICTEIC LIGHTIMG FROM CENTRAL STATIONS. By Prof. G. Forbes, le. 
3E DYNAMO-TENDER'S HANDBOOK. By F, B. Bade. 4a. 6d. 
JICTKIC LICmilNG. By FraticiaB, Crocker. VoI.I.: GereralingPlant, 123.6d. 
UNCIPLES OF DYNAMO-ELECTRIO MACHINES. By Carl Bering. 

' rrsetlcal I>ircctioiis for Deilgnlns and ComtruoUng Djnaoioa. With an Appoii.lii coDtaiolDg HTanl 
Articles on AlUeii Sabjeclii, ind m Table of EgiHunHmti o( UnCU of Uflamrooienl. Clolh, 3J» pag«f , 

)TES ON DESIGN OF SMALL DYNAMOS. By George Halliday. 2s. 6d. 
JIOTRIC LIGHT INSTALLATrO"S. By St David Salomons, Bart. In 

THrce Valumei, Vol. I., Eg. : Itie Manegenieat o[ AscnmnlHton. Vol II., 7i. M. : Appnratng, Englnsi, 
Djnatnoi and llolori, Inrtruiofnti, Ooverno™, BwUcheB »rnl Switch Boards, Koiei, Lut-Oati, ConnBo. 
ton and Minor Appnratus, Aic Laiopa, Pmotlcil Appllcatloni. Vol. III., fii. : Appllcatinn . 

JWER DISTRIBUTION FOR ELECTRIC RAILROADS. By Dr. Louis Bell 
JICTRICAL BOATS AND NAVIGATION. By T. Commerford Martin and 
HANDBOOK Op' ELkcTElbAL'llsTnJO.' ^byU.'li Kempe. M.I.E.E. 
IE MAGNFriC CIRCuIt ^^^ AND PRACTICE. By Dr. H. du 

Bd>>. TrantUUd bjr Dr. E. Atkinson. 13a. nett. 

:£CTRIC LIGHT : Its Piodi.ction and Use. By John W. Urquhart. Fifth 

Edition, onrefull) reiiecd, with Urge idilltlong. la. M 

lECAUTIOKS TO BE ADOPTED ON INTRODUCING THE ELECTRIC 

LIGHT. By Kllllnflworth l^cd^ea. it.M. 

JECTRICAL ENGINEERING: For Electric Light Artizans and Students. 

>calisationof'faults1n¥lectri^^^ 

IE ELECTRICAL TRANSMISSION OF ENERGY. By A. V. Abbott. 

UCmTL P APritS ON D YN iVfo M^^ 

jECTRIC SHIP LIGHTING: For the uee of Ship Owners and Buildera 

Koglneen, 4c. Uy John W. Urquhart. 7>. M. 

[E PHOiNIX FIRE OFFICE RULES FOR ELECTRIC LIGHT INSTAL- 
LATIONS andelectricalpowekinstallations. By MmgniTB Heaphy, C.B. Twanty-tourth 

EE MANAGEMENT OF DYNAMOS. ByG.Lummis-Paterson. Cloth, 8vo, 3s. 6d 
.ECTRIC LIGHTING FOR MARINE ENGINEERS. By S. F. Walker. 5b. 
LLIERY LIGHTING BY ELECTRICITY. By S, F. Walker. 28. 6d. 
^CTRIC LAMPS AND ELECTRIC LIQWIINQ— see page 5. 
PRACTICAL TREATISE ON THE INCANDESCENT LAMP. By J. H 

)W^o"mAKE a DYNAMO. By Alfred Crofts. 5th Edition. Cloth, 2b, 

)W TO MANAGE A DYNAMO. By S. B. Bottone. la. 

IE DYNAMO : HOW MADE AND HOW USED. By S. B. Bottone. With 

SBIUiutraUoDB^ Eighth Edition. Se. fid. 

IHATISE ON INDUSTRIAL PHOTOMETRY, with Special Application to 

tKlectric Lighting, By Dr. A, Paljii, Translated by O. W. and M. R, Pattenon. 12b. fid. 

PV^ F0P1TLAR INSTRUCTOR FOR THE MANAGEMENT OF 

I ELEtTTKIC UaHTIHO PLAHT. An InaispcDaable Handbook for jienons In charge of Electric Lighting 

[aiCTR^"' LIGHT ARITHMETIC. By R. E, Day. 2s. 

OE POTENTIOMETER AND ITS ABJJJTiCTS —See pa^e 10. 

OS GALVANOMETER AND ITS USES. A Manual lor Electridana aod 

students. By C. H. DaiklDs. Second edition. lllDstrated. ISmo., Se. 6d. 

RANSFOKMERS: Their Theory, Const ruction, and Application Simplified. 
EA,T'S BELTING TABLE. Showing the relations between~(l) The numbflr 

■iC' ol rtTOlDliDDB and dlamaier ol pDlleyi and iBtoclty of belts; (I) Tlie hone-power, velocltf . and niiun 
k MCtlon of belu ; (3) lUe Ihlckneag and width ol bells ; (4J The tquaie section otbelM at dllTerent itnliu 
m- P« KU"" 'n«li. For ofllceuje, printeil on cardboard, with meta! edges and suspender, price is.; iwrt 
K lKB.b.Sd. ;forthei>.otet, moiintedonHnun, InstrvinitMiie. a.. Bd,; post free, a. sd. 
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■EXAMPLES IN ELECTRICAL ENGINEERING. By S. Joyce, A,LK!:, ] 
ELECTHIC TRAMWAYS AND RAILWAYS POPULARLY EXPLAIN!! 
ELEC^Iiic" TRANSMISSION OF ENERGY, acd its Trangformation. SJ 

divHioniiiiilDlstrihtilLoli. By Olsbert Kapp. F.>urlh Eilltion. HH..M. 

KLEOTBIO LIGHT CABLES AND THE DISTRIBUTION OF EU 

TEICIT?. By Stuart «. RuuoU, Amw.M.li.at.C.K. 107 UlaiM»ticiiii 7t. 'Si. ' 

IILECTRICITY AS A MOTIVE POWER. By Count du Moncel and Fa 

Oeittdj, TmulHUdhyC. J. WhnrtnD. ?>. (Id. 

IXECTRIC TRANSFORMATION OF POWER. By Philip Atkinson. ' 
THE GALVANOMETER : A Series of Lectures. By Prof. E, L. Nichok 
ELECTRIC MOTIVE POWER-s« yaje 9. 
BLECTKO-MOTORS : How Made and How Uaad. By S. R. Bottone. Seo( 
THE ELECTlilC R.VILWAY OF TO-DAY. By H. B. Prindle Se 5d. 
ELECTRIC TRANSMISSION HANDBOOK. Bj' F. B. Badt. 48. 6d. 
■WESTINGHOUSE ELECTRIC STREET CAR EQUIPMENTS By F. 

HulchlnianiiudL. A.PhiLltpi. <i. M. ' 

^AMERICAN ELECTRIC STREET R.UL\\'AYS : Their Conatraction i 

» Equipmeut. By EilUogworth HedEea. ISe, ed. 

ELECTRIC RAILWAY MOTORS : Their ConstnictioD, Operation and 

tonimee. By Selaon W. Perry. 4s. ed. 

ELECTRIC RAILWAYS AND TRAMWATfl : Their Construction and On 

■ lion. EiivHed,cnl»r^BiUn.l brought nplo dale from Siisirwrn-ns, By Plilllp Dawson, CB. De^ 

MOTIVE POWER AND GEARING— s« pa?e 9. 

ELECTRIC RAILWAYS, RECENT PROGRESS IN. By Carl Herine 6i. 
Electric railway engineering. By Edward TrAvert S3 
.ELECTRIC STREET RAILWAYS. By Prof. E. J. Houston, Ph.D and A. 

Kennelly, D.«c Cfoth. it. Od. 

THE WESTINGHOUSE AND BALDWIN SYSTEMS OP ELECTB 

tOOOMOTlVES .'u. 

SEOONDAKY BATTERIES AND THE ELECTRICAL STORAGE OF ENERC 

■ ' Ey Dr. "liver Lcidge. li. 

PRIMARY BATTERIES. By H. S. Carhart, A.M. 67 illustrations. 6s. 
ELECTRIC JiATTEEIES, ELEMENTARY TREATISE ON. By Alfred Niaud 

Trsmlatf il by U M. Fisliliatk. Siith Edition, lOi. ed, tiett. 

ELECTRO-MOTORS ; The Means and Apparatus employed in the Tranamissi 

L of Electrioai Energy and Ita Converaion Into Motive Powar. By John W, [Jrquhsrt. 7«. 6d. 

■THE STORAGE OF ELECTRICAL ENERGY, and Researches in the Efii 

created liy Currents Combining Quantity xitli Higli Tension. By G. Plantfi. Tranatated Inu 
L Fnucb by Paul Bsdloid Blneli. With S9 lUuitrations, Svo, clath, lU. 

L THE CHEMISTRY OF THE SECONDARY BATTERIES OF PLANTS 41 

L FAUKE. By J. H. Oladslone and A. Tribe. Si. 8d. '^ 

ISSE ELECTRIC MOTOR AND ITS APPLICATIONS. By T. C. Hurt 

f and J. Wetzier (with an Appendix on the Develnpment of tlie Electric Motor sIucb 18S8, byDebl 

k' Boli). Third Erlillim. Quarto, 315 pages, 353 ilinatrations. 129. ed., post fcfle 13i. 8d. 

■*HE ELECTRIC RAILWAY IN THEORY AND PRACTICE. BvOm 

T. Crosby and Louis Bell, Ph.D. Third Edition, fully illnatrated. lis. 

PRACTICAL ELECTRICAL NOTES AND DEFINITIONS, for the \M 

EngineeringatudentsflndPraotioBiMen. By W.Perren MayooQli. Second Edition. 3s. 

ELECTRICAL ENGINEERS' AND STUDENTS' CHART AND HANDBOO 

OF TilE REUSH ARC LIGHT HYSIBM. By H. C. Eoagen, Jun. Second Edition. 4a fld 

ELECTRICITE ET OPTIQUE. By H. Poincarfi. 2 vols. 15s. 6cl. 
LES ACCUMULATEUES ELECTBIQUES. By A. Bandaept, 103 pagei. -S 
.INDUCTEUES DYNAMO-l^LECTRIQUES ET PYR0-:6LECTRIQUES, I 

.- A. Bandscpt. Bd. 
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DES PILES ELECTRIQUES; Piles hydro-aectriquea— Accumula- 

i«nr»— Piles thermii-|ilcclriqu«B ot pyro-Sleulrliiuaa. By Doiinto TommaBl, Doi^tour-tl-Soiencei, 8¥0., 
~ pigei, nith lUO lUuelratiuiie, 10s. 

: :^fo£ENTAIEE DE LA PILE ^LECTRIQUE. By Alfred Niaudet. 

r HUrd Bdltion. Eeyised bj HIppoljte FonUlne, and followed by a NuUce on Acouninliitoci br E. Hm- 
^ JUlUUffi. lUnatrBled Sro, Gi. ed. 

AGE A L'^LECTRICIT^. By Hippolyte Fontaine. Third Edition, 

entirely n-wTiltBD, wlthStS lUiutratlnna, Std, [3s. 

ES TRAMWAYS l^LEOTEIQUES. By H. Martohal. 63. 6d. 

3; DYNAMOELEKTRISCHE MASCHINE : Eioe Phyai kali ache Beschreibiuis 

lordenTeulinUclieQOebranch. By Dr. O. FroHch. Si. " 

rSRSUCHUNGEN UEBEK DIE AUSBREITUNG DER ELEKTEISCHEN 
KEAFT. By th5 Inte Prof. H. Hertz. Price e«.M. 

WIRING AND ELECTRIC LIGHT FITTING. 

IE INCANDESCENT LAMP AND ITS MANUP ACTUEE-s-.' i.nj. i5. 

GUIDE TO ELECTRIC LIGHTING. By S. E. Bottone. Second Edition. Is. 
.ECTRIC LIGHTING SPECIFICATIONS, for the Use of Engineers and 

Archltecta. By E, A. Slartill. 6b. 

7ANDABD WIRING FOR ELECTRIC LIGHT AND POWER. By 

H. C, CilshUiB, Jr. strongly Iwund in cloth, -fa, fid., poBt free. 

BCTEIC WIRING. For ihe Use of Architecte, Underwriters and the Ownera 

K'olBllUdtnea. Fy Rtucell Bobb. Vie. 

■CTEIC LIGHT FITTING : A Handbook for Electrical Engineers. By John 

: W. Urqnhart. Fully lUnitrated. Ba. 

»MPREHENSIVE INTERNATIONAL WIRE TABLES. By W. S. 

BoBll. Full partlculara o( 489 Conduolors (4 gauEes), Single Wires and Cablee, in Englisli, Amerlcui, 
Bud Continental I'nita. Pries 5a., post dee Sue pane .^ 

ECTRIC LIGHT FOR COUNTRY MANSIONS. By John Henry Knight, le. 

ftCTICAL ELEOTfilC LIGHT FITTING. By F. C. Alhop, 5a. 

BINO SLIDE RULE (Trotter's Patent). By which can be found at once .— 

■I 1. BiBSolCabla; 2. Length otCiblc; a. Correnl Cable wiU oarry ; 4. Cnrrent Deoalty : 6. Maiimtun 
r Ounent; 6. Kaslalaiice lu Ohma; 7. Sectional Area in Square incbei. FuU printed |in»lniqtIoni are 
(uppiled with esob rule. For the pooiiet. Price Ka. Od.; poat Itee, St. Jd. 

'ANDARD TABLES FOR ELECTRIC WIREMEN. ByCharles M. Davis. Bs. 
&T'S TABLE OF ELECTRIC CONDUCTORS. Showing the relations 

current: (3) pile »8ollonal area, diameter ol conduolors,' and itrengtb oi current per square inob. For 
, , offioe nae, printed on eardbaHrd. with metal edges and siiipender, price is. ; post free, Ss. ad.; lor the 

SI^ISAL WIRING COMPUTER. ' By Carl Heriog. 6s. 

ICANDESGENT WIRING HANDBOOK, With Tables. By F. B. Badt. 

JM^TiC ELECTRICITY FOR AMATEURS. By E. Hospitaller. Translatod 

Dw'Vo'wii^''' BUILDINGS. By Augustus Noll. Fourth Edition, 6b. 

•ANDARD TABLED FOR ELECTRIC WIREMEN. By C. M, Davis. 48. Gd. 

X!ALISATION OF FAULTS IN ELECTRIC LIGHT MAINS— ^f^fj^a^e JO. 

IE PHIENIX FIRE OFFICE RULES FOR ELECTRIC LIGHT INSTAL- 
LATIONS AND BLEt; TEiCAL POWER INSTAU.ATIOS8. By Mnsgiavo Hsaphy, C,B. Twenty-toutth 
Edit'.on. 310. sewed, ed. 

:,ECTRICAL INSTALLATIONS FOR ARCHITECTS, BOROUGH SURVEYORS, 

*c. By F. J. Warden eSephens. Sa. (id. 

RNATING CURRENT WIRING AND DISTRIBUTION. By Wm. Leroy 
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WTUDENTS' GUIDE TO SUBMARINE CABLE TESTING— ^^« mOW 
^BANDBUOK OF PRACTICAL TELEGRAPHY, liy K, S. Culiey, M.ImuGJ 

practical' NOXES' FOR ELECTRICAL STUDENTS— .?«■ p.w 13. ■■ 
BLECTRICITV AND THli ELKCTUIC TELEGitAJH. With numflrous illm 

trtlioTii. By Oeurec U. PreiL-att. Eighth BdiUou, ! Tot>.,SYO. clolb. £1 lOs jl 

ELECTRIC TELEGRAPH V. By Prof. E. J. Houatoo, and A. E. Kennelly. is. 63 
ELECTRICAL ENGINEERING FOttMULM— see page 5. ,i 

ELECriilC TE[.EPHONV. By Prof. E. J. Houston, and A. E. KenneUy, kfl 
THE ELECTRIC TELEGRAPH : Its History sDd ProereBa. Witli Deuripli^ 

oCiomeotthaAppanlixi. Ily K. Rublne. C.E.. F.)1.A. Limp clolh. 3i. 

SUBMARINE CABLE LAYING AND REPAIRING— see n^^ei^ ^'f 
RISE AND ESTENSHj-N OF SUDMAEIXE TELEGRAPHY. By WiltoughlJ 

Bmlrti ill. ^^1 

tELE0BAPH7. By W. H. Preece. C.B., F.R.S., M.LC.E., and Sir J 

SlHwrlght. K.C.M.O,.M.A. Ninth E.IHinn. rarliBd ind enUr^ed. Si. *; 

MODERN PKACTICE OF THE ELECTKIO TELEGRAPH. By Frank L. Pooi 

FoiirtBanth BdllloD, wilh nviraerom wuort engmriiiKi, Svo. clolh. I!i. ed. ■. 5 

HANDBOOK OFTHE ELECTRO MAGNETIC TELEGKAPH. A. E.Lorine, a 
"THE ELECTRICIAN" PRIMERS— sci< pnj/e S. ,, 

ELECTRICAL TESTING FOR TELEGRAPH ENGINEERS-s^ojiuill 
TELEGRAPHIC CONNECTIONS : Embiucing Itecent Methods in QuadrupU 

PRAC™AL'GUIDE'T0"'THE'TE°STiNG'^bF INSULATED WIRES AH 

CABLES. ByHorbfrtlJiwa Webb. 41. BJ. : 

TABLES TO FIND THE WORKING SPEED OF CABLES, compridng Ji 

D»la u tu DUmecer, Cipidtjr. >ijd Copper ReiUtanco o( all Corea. By A. De»rloiB. 3a. \ 

A HANDBOOK OF ELECTRICAL TESTING. By H. K. Kempe. M 

•dillon, reviled and enlarged, lea. 

THE TELEGRAPHISrS GUIDE TO THE NEW EXAMINATIONS I 

TECHNICAL TELEORArHV. Bj James Belt. la. 8d. 

ON A SURF-BOUND COAST: Cable-laying in the African Tropics. I 

Artbur P. Cronch, B.A. New Edition, (a. 

THE ELECTRIC TELEGRAPH: Being selected Estractg from the lettflni 

tbe Ijitu BIr W. F. Cooke (lMSa-39) relaling Co the Inyentiou anJ Development of tlio Electiio TelegTO 
EdltedbyF. H.Webb, Secretary luBt.B.B. Cloth. 3s. 

PRACTICAL INFORMATION FOR TELEPHONISTS. ByT. D. Lockwood.^fi 
TELEPHONES : THEIR CONSTRUCTION AND FITTING. By F. C. Allaop-.a 
TELEPHONE LINES AND THEIR PROPERTIES. By Prof. W. J. HoSS 

Second Edition, fis. '^^ 

THE TELEPHONE HANDBOOK AND PRACTICAL GUIDE TO TKLl 

PHONIC EXCIIANnE. By Joaeph Poole, Sei:"na Tdititin. 5a. 

THE TELEPHONING OF GREAT CITIES, AND AN ELECTRICAL PABOE 

EXCHANGE SYSTEM, liy A. R. Heiinetl, li. ' 

MANUAL OF THE TELEPHONE. By W. H. Freece and A. J. StiMi 

Over SOO pugei and 334 illnatrstiona. 16b. ' 

THE TELEPHONE SYSTEMS OF THE CONTINENT OF EUROPE jBj 
THE TELEPHONE, THE ' MICROPHONE, AND THE PHONOGRAPH, ,-B 

Coont du Moncel. I'blrd Edition, Sa. 

THE MAGNETO HAND TELEPHONE. By Norman Hughes. 3h. 6d. ,j 
PHILIPP REIS, INVENTOR OF THE TELEPHONE. A Biographical SkeM 

By SilianiiB P. ThompsoD, B.A., D.Sr:. With portrait and »ood eUKTaTlngt. Svo, clotb. Ti. lid. ^7 1 

ELECTROMAGNETIC THEORY-.wyufle 4. 

TELEPHONE LINES AND THEIR PROPERTIES. By W. J. Hopkins. 6< 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OF MODERN RULES 

FOBMIIL.E, TABLES, AND DATA. Dy II. E. Eeiui-e, ll.I.E.E. 260 pigsa, numeroaB Ulnaliim 

TKAITE DE TELEGRAPHIE ELECTRIQUE. By H. Thomaa. £1. 311 
TOAITE DE TELEGRAPHIE SOUS-MARINE. Bv E. WiiiiL__ 

Jaginiear dea T^l^graphes, Dlreeteut de Til^gnphle Milltaire. With (eBlllaitratioiu.STO,, 

L ^L^PHONIB. By E. Pi6rard. 7b. 
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lECTRO-GHEMISTRY & ELECTRa-METALLURGY. 

THE ELECTRICIAN " PBJMER&sct. page S. 

LECTKIC SMELTING AND REFINING. A Translatiou of the Second 

ErtiLi"iin(Dr. W. BLlrch«>"Ekklru-lIeHillurKt<-.' BfW. Q. Ma U Ulan. 2U. 

LEOTEO- PLATING : A Practical Handbook on the Deposition of Copper, 

^ silver. Nickel, Gold, Alumlnlnnl,BrsM.FI«ClDuin,£c. Ac. B; John W. ITrnutlU'l. Third Edition, N. 

LEOTEO-DEPOSITION : A Practical Treatise on the Electrolyaia of Gold, 

Silver, Copper, Nickel, nod otber Uetnlg mil AI1aT>. Bt Aleiander Watt, F.B S.S.A. With numeraiu 
Itluitritluni. Tlilrd kdlMon. Crown 8vo, clotb, ei. 

t-ECTRO-METALLUEGY r Practically treated. By Alexander Watt, F.E,S.A. 

Ninth Edition. IXnio, cloth boudi, U. 

KE ART OF ELECTRO-METALLURGY, INCLUDING ALL KNOWN PRO- 

_ CE8SE3 OF BLECTRO- DEPOSITION. By Q. Gore, LL.D,, If.R.S. With eeilliiatrslloni, Icp. 8ro, 91. 
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JSKTRO-METALLURGIE, By Dr. W. Borchers. 6b. 6d. 
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fCnrrtnts. By W. e. Hedley, U.D. Setotid Edition . ia. Bd. 

TRO PHYSIOLOGY. By W. Biedermann. Vol. I. 17s. 
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K Ph.D. and A, B. Kponellj, D.Sc, Clnth, it. ad. 

m ELECTIiU-MAGNET AND ITS EMPLOYMENT IN OPHTHALMIC 

B.B PItaBRY. By Simeon Snell, If .S.C.S. 3j. 6A. 
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'PRACTICAL POCKET BOOK OF PHOTOGRAPHY. By Dr. E. Vo 
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■LOGARITHMIC AND TRIGONOMETRICAL TABLES FOR APPBO 
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